Optical studies on surface structures of diamond crystals by Varma, Chemprole Kottaram Rama
’’OPTICAL STUDIES ON SURFACE STRUCTURES 
OF DIAMOND CRYSTALS”
by
CHEMPROLE KOTTAR/\M RAMA VARMA
A thesis submitted for the degree of 
Doctor of Philosophy 
in the University of London
Department of Physics,
Royal Holloway College. October, 1966
ProQuest Number: 10096727
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest.
ProQuest 10096727
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
.. y':L : : .- -\rc"'_yr<





It is for me a proud privilege and pleasure 
to be able to acknowledge my grateful indebtedness 
to Professor S. Tolansky, F.R.S., for his most 
inspiring guidance, interest and encouragement 
throughout this work.
My thanlcs are due to the Physics laboratory 
staff of Royal Holloway College for much help and 
co-operation. 1 wish to acknowledge in particular 
the invaluable assistance 1 received from Mr. M. Thyer.
1 am grateful to Dr. A. F. Seager of the 
University of London for discussion and advice on a 
number of occasions.
1 express my grateful thanks to the Council of 
Royal Holloway College for the award of a Post-graduate
Studentship.
To the University of Bihar (India), 1 am much 
obliged for the grant of study leave which enabled me 
to carry out this work.
II
A B S T R A C T
Chapters I and II are introductory, surveying 
briefly the physical properties of diamond and the general 
principles of crystal growth. In Chapter III, the 
experimental techniques employed are explained. Chapter 
IV attempts to give a brief objective summary of the 
surface features of diamond crystals, as known from the 
studies of earlier workers. Chapters V to XI embody the 
results of the present investigation.
Much new evidence (which we claim as incontrovertible) 
has been obtained to show that trigons are not etch-pits.
It is shown that whereas an etch-pit grows from a point- 
pit to a large one, it is topographically impossible to 
conceive of a trigon altering its size. Evidence is also 1 
obtained of growth occurring over a surface already contain­
ing trigons d^.th the later growth layers partly covering 
up the trigons.
Clear, conclusive evidence of the mechanism of growth i
. f
A
on the octahedral face by layer deposition is obtained, there  ^
being no evidence at all of spiral growth.
I:
Earlier workers have studied the dodecahedral face 
with the face normal to the line of the microscope. In the
Ill
?
present ivestigation, the crystal is so set as to see 
simultaneously the features on three faces viz. (110), 
(101) and (oil). This lias led to the discovery that 
the "striations* which earlier workers have described as 
"ruts* on the (110) faces are, in fact, edges of growth 
layers piled up one above the other. This seems to us 
a very significant result for it leads to the conclusion 
that the dodecahedral crystal could be formed by the 
transformation of a simple octahedral crystal by the 
piling up of layers on all its octahedral faces. That 
the mechanism proposed is correct, is verified by the 
observation of trigons in between layers.
For the first time, the corners of "cubes" have 
been studied and the very interesting result obtained 
that the corners are either truncated containing trigons 
or pyramidal, growing to a point top showing growth 
features similar to those on (111) faces.
Also given are, some observations on twinning in 
diamond. The matching faces of a diamond crystal that 
cleaved by itself when being heated in boiling nitric acid 
have been studied. It is seen that the cleavage over 
large areas is cleaner than ordinarily obtained by a 
mechanical process.
IV
C O N T E N T S
AGKNOWLEDC^IENTS
ABSTRACT
I. DIAMOND AND ITS PHYSICAL PROPERTIES
1.1. Introduction
1.2. Structure and related properties
1.3 . Habit
1.4. Optical properties ...
1.3" Types of diamond ...
1.6. Birefringence of diamond




2.2. Growth of "perfect* crystals 
2.3" Growth of "real" crystals. 
EXPERIMENTAL TECHNIQUES
3 .1. Multiple-beam interferoraetry.
3 .2 . Fringes of equal chromatic order
3 .3 . Light-profile microscopy.
3 .4 . Phase-contrast microscopy.



















VC O N T E N T S  (coat'd.)
Page No
IV. SURFACE TOPOGRi^PHY OF DIAMOND AS KNOWN FROM THE
STUDIES OF EARLIER WORKERS ( A brief summary).
4.1. Introduction ... ... 6l
4.2. Topography of Octahedral faces. ... 62
4.3* Topography of Dodecahedral faces. ... 63
4.4. Topography of Cube faces. ... 64
V. STUDIES ON DI/iMOND CRYSTALS OF THE OCTAHEDRAL HriBIT.
3*1* Trigons - a brief objective survey of
facts already known and published about 
the origin of trigons. ... 66
3*2. New absolute evidence against the etch
origin of trigons.
(a) Quality of trigons 71
(b) Obvious differences between \ 
trigons and etch-pits. 78
(c) Limits of growth layers bend 
round trigons. ... 90
(d) The fallacy of the so-called 
'salient* in the (112) direction. 100
(e) Topographical impossibility of a 
trigon to alter its dimensions 
in contrast to the ability of 
an etch-pit to do so. 108
(f) Evidence of growth on a plane 
already containing trigons with 
the later growth layers partly 
covering up the trigons 113
(g) Micro-cracks avoid trigons 121
Ring-cracks on octahedral faces 121
3 .4 . Basal extension of trigon ... 126
C O N T E  N T S  (cont'd.)
Page No,
VI
IV. CLEAR CONCLUSIVE EVIDENCE OF THE MECHANISM 
OF GROWTH ON THE OCTAHEDR/\L FACE BY LAYER 
DEPOSITION.
6.1. Introduction ... ... 128
6.2. New conclusive evidence of layer-growth. 129
VII. STUDIES ON DI/iMOND CRYSTALS OF THE DODECAHEDRAL 
HABIT AND PROPOSED MECHANISM OF THE TRilNSFORMATION 
BY GROWTH OF THE SIMPLE OCTAHEDRAL FORM TO THE 
DODECAHEDRAL FORM.
7.1. Introduction. ... ... 140
7.2. Present investigation and the proposed 
mechanism of the transformation by 
growth of the simple octahedral form
to the dodecahedral form. ... I4l
7 .3 . Dodecahedral net-works. ... 133
7 .4 . Raised circular discs. ... 139
VIII. STUDIES ON DIAMOND CRYSTALS OF THE CUBIC HABIT.
8.1. Introduction. ... ... I60
8.2. Study of corners of cubes. ... 16O
8 .3 . Summary of observations. ... I6I
8.4. Some peculiarities. ... I66
8 .3 . Some obvious conclusions. ... 166
IX. SOME OBSERVATIONS ON TWINMNG IN DIAMOND. I69
C O N T E N T S  (cont'd.)
VII
Page No
X. A STUDY OF THE MATCHED FACES OF AN 
OCTAHEDHiiL CRYSTAL THAT CLEnVED BY 
ITSELF WHILE BEING HEATED IN BOILING
NITRIC ACID. ... ... 173
XI. GENERAL DISCUSSION OF RESULTS AND CONCLUSIONS. 177 
REFERENCES ... ... I83
CHAPTER I 
DIAMOND AND ITS PHYSICAL PROPERTIES
1.1. Introduction
Diamond is a remarkable material and is valued in 
several ways - as a gemstone, as an industrial tool and as 
a unique crystal. It is the most beautiful of all gemstones, 
the most powerful of all cutting materials and perhaps the 
most mysterious among crystals. One of the basic factors 
which makes diamond pre-eminent both as a gem and as a tool, 
is its extreme hardness. This extreme hardness combined 
with the optical properties which produce lustre and 'fire* 
makes it supreme as a gemstone. Other minerals such as 
zircon, topaz and rutile also show very high brilliance, 
but the comparative ease with which they are scratched makes 
them inferior as gemstones. They deteriorate with time but 
*a diamond is for ever*. In industry, diamond is so widely 
used that its consumption per year, is estimated to be about 
twenty million carats (4 tons). Necessity is the mother of 
invention and diamonds are now synthesized in quantity both 
in America and in South Africa. To the scientist diamond 
has always been a fascinating subject of study. This 
allotropie form of carbon has attracted many brilliant minds. 
Much has been learnt about it and yet much more remains to be
known. It can truly be said about diamond that the 
larger the sphere of the known, the more the area of 
contact with the unloiown.
1.2. Structure and related properties.
Both diamond and graphite are crystalline forms of
.1.
carbon. Their fundamental difference lies in the arrange­
ment of the carbon atoms in the crystal lattice. Diamond 
crystallises in the cubic system. A unit cell of the 
crystal is shown in figure 1.1. The length of the edge of 
this cell is 3.5& Angstrom units and the cell contains 8 
carbon atoms. In a diamond crystal each carbon atom is 
situated at one corner of a regular tetrahedron with four 
nearest neighbours symmetrically placed around it at equal 
distances of 1.54 ihigstrom units. The bonds between the 
atoms make an angle with each other of 109^, 28. This 
highly symmetrical stacking of the atcms is characteristic 
of diamond and of a few other elements, namely, silicon, 
germanium and grey tin which also crystallise with the 
diamond structure. The carbon atoms are joined to one 
another by covalent or homopolar bonds. A characteristic 
of covalent bond between neighbouring atoms is the existence 
of electron sharing. This means that one valence electron 
in the outermost orbit of one atom is shared with an adjacent 





the centre of a tetrahedron at the corners of which four
other atoms are situated. The two electrons in the first
orbit are not shown in the figure and the four valence
electrons are shown as lying on a common orbit around the
nucleus. The probability of finding e^  near c would
be the same as finding it near the atom 1, and the same
would apply to e . The electrons e and e. can then  ^ c c 1
no longer be said to belong exclusively to the one or the 
other atom c and 1 respectively, but they belong to 
both atoms as soon as these are sufficiently close to each 
other. In this way the carbon atom, say c, can complete 
its outer orbit by having 8 electrons and can thus form the 
most stable state.
The arrangement of carbon atoms in a graphite lattice 
is shown in figure 1.3. As is evident from the figure, 
the atoms are arranged in clearly separated layers showing 
a trigonal or three-cornered symmetry. Each carbon atom 
is surrounded by three nearest neighbours and thus the 
fourth valence electron is not satisfied and this accounts 
for the electrical conductivity of graphite. Actually 
the bond (1.42 Angstrom units length) between two carbon 
atoms in one layer is even stronger than the bond between 








in a graphite crystal can be considered as a huge two- 
dimensional molecule. These layers are attracted to one 
another by Van der Waals forces. These forces are much 
weaker than the co-valent or homopolar forces. The 
distance between the consecutive layers of graphite is 3*42 
Angstrom units and this large value accounts for its very 
easy cleavage.
1.3 * Habit
Diamond is known to crystallise most commonly in 
octahedra whose faces are (111) planes or in dodecahedra 
whose faces are(IIO) planes. The simple cube with (100) 
faces is also found but is less common. Figure 1.4 shows 
the three crystal shapes. The shapes are often not perfect 
although perfect octahedra are frequently seen. Masses of 
small crystals forming agglomerates (known as boart or 
carbonado) which have the appearance of sintered masses are 
also sometimes encountered among natural crystals although 
not amon^ synthetics.
Even the best natural diamonds contain impurities
5
with concentrations of the order of 1 part in 10 but stones 
with inclusions which may even be a substantial part of the 
weight of the whole are not uncommon.
Twins occur in natural diamonds and very frequently
among natural micro-diamonds.
1.4. Optical Properties
Diamond has a high refractive index (2.417 at 
5890 A°) and a high dispersion. V/hen free from strain it 
is isotropic but most natural diamonds show strain bands when 
examined between a polarizer and an analyser. It is stated 
that sometimes part of this strain may be annealed by heating 
in vacuum to l600°C but more commonly the strain cannot be 
annealed unless the diamond is heated very strongly. This 
will have to be carried out under pressure to prevent 
graphitization. Strain does not greatly affect the properties 
of diamond as a gem. The *fire* of a gemstone depends first 
on its high refractive index which means a low angle of total 
reflection and secondly on its high dispersion which makes 
the light reflected in a given direction change in colour as 
the stone is moved slightly. The absence of small inclusions 
is also very important since such inclusions would act as 
’sinks* for the light within the crystal.
1.3 . Types of diamond
Diamonds have been classified as type I and type II 
in relation to their absorption in the infra-red, visible 
and ultra-violet regions. (Robertson, Fox and Martin 1934; 
Sutherland, Blackwell and Simeral 1934; and Clark, Ditchburn
8and Dyer 1938). Type II diamonds transmit well in the 
ultra-violet down to the absorption edge at 2200 but 
Type I diamonds show absorption starting at 3300 A^ and 
increasing fairly rapidly as the wave lengths get shorter. 
This difference forms the basis of a convenient method of 
discriminating between the two types, although Champion 
(1932) has shown the existence of intermediate types.
Optical emission from diamond is seen to be 
stimulated in a variety of ways and the resulting emission 
depends not only on the specimen but also on the type of 
stimulation. This may be ultra-violet radiation or ioniz­
ing radiations like X-rays, fast electrons or ions such as 
oC -particles. In general the type II specimens do not show 
strong visible fluorescence (Champion I963).
The differences in the absorption spectra indicate that 
type II diamonds are more nearly perfect than type I diamonds
i.e. they are relatively free from some kind of defect or 
impurity which produces additional absorption in type I 
diamonds. For example, type I diamonds show absorption in 
the region of 7 - 8 ^  and this absorption is not present in 
type II diamonds. Raman and Nilakantan (1940) discovered 
that type I diamonds show anomalous * spikes* projecting from 
certain spots in a Lane pattern obtained with X-rays.
Hoerni and Wooster (1933) suggested that these spikes 
indicated the presence of defects in cube planes. Again 
the type II appears to be the more perfect form.
It became recognized that the properties characteristic 
of type I diamonds could occur in varying strengths, so that 
type II diamonds appeared as a limiting case in which the 
type I properties are too weeilc to be measured. Kaiser 
and Bond (1939) showed that a considerable amount of 
nitrogen is present and that the variation of the amount 
of this substance is correlated with the strength of the 
infra-red absorption. Evans and Phaal (19^2) succeeded 
in obtaining transmission electron micrographs of diamonds 
and showed the presence of platelet defects in type I 
diamonds. The density of the defects correlated \dlth the 
infra-red absorption. It is now considered nearly certain 
that these are nitrogen platelets as suggested by Elliott 
(i960), but perhaps the possibility that the conditions 
which favoured the inclusion of nitrogen could also have 
favoured the inclusion of some other impurity and that 
this latter impurity might be responsible for the type I 
properties, cannot be logically excluded.
Most diamonds are extremely good insulators, but 
Custers (1932, 1953) showed that a small proportion of
10
type II diamonds are semi-conductors. He proposed
classifying the non-conducting type II diamonds as type
Ila and the semi-conducting as type Ilb. The type Ilb
property is present to a varying extent and it is
estimated that there is probably a range from insulating
l4diamonds whose resistance is 5 x 10 Ohm - cm to a semi­
conductor of resistance 100 Ohm - cm at room temperature. 
Champion (1933) after studying a large number of diamond 
crystals found that diamonds which show good electrical 
conduction pulse properties are composed of layers of 
highly perfect crystalline material separated by relatively 
few and much thinner partial barriers of imperfect material 
If the average thickness of the crystallite layers is about 
10 then the specimen has the texture necessary for a 
good counter. The poorer counting shown by some specimens 
composed of still larger crystallites is attributed to the 
presence of wider barrier layers.
1.6. Birefringence of diamond.
It has been fairly well-known since l8l5, when 
Brewster described double refraction in some diamonds, 
that many diamonds are, in fact, biréfringent. Friedel 
(1924) after studying with a polariseope some 200 diamonds 
and some cleavage sheets reported that all the crystals as
11
well as many of the cleavages showed some degree of 
birefringence. Tolansky (I966), made a very extensive 
study v/ith as many as 3000 clear, transparent, well- 
formed micro-diamonds as well as 2000 large gem-quality 
diamonds. Without exception all the 5000 diamonds 
showed some degree of birefringence and therefore he 
rightly concluded that probably all diamonds are biré­
fringent. This ubiquitous occurrence of birefringence 
is significant.
Friedel and Ribald (1924) finding a transition 
temperature at 1885^0 where diamond tends to shatter 
catastrophically, argued that all diamonds, initially 
isotropic at formation, pass through a plastic state 
sufficient to accept permanent deformation. This,
Friedel supposed created the strain which led to bire­
fringence. Tolansky (I966) does not agree with this 
explanation. Harrison and Tolansky (1964) after 
sectioning and etching diamonds have demonstrated the exist­
ence of a stratigraphical etch pattern. Tolansky has 
observed a remarkable correlation between the etch pattern 
and the birefringence. The etched surface showed areas 
which were type II, the latter being comparatively less 
etched. If then there exists some small difference in
12
itt either the thermal expansion property or the elastic 
strength or the lattice dimension of the two types of 
diamond, this %e pointed out would cause the strain and 
adequately explain the close correlation between the 
birefringence pattern and the etch stratigraphy. Tolansky 
has therefore conjectured that all diamonds are layer 
mixtures of type I and type II material, the predominant 
type determining the ultimate classification of the crystal.
1.7 . Thermal Properties
Diamond has a much higher thermal conductivity at 
room temperature than other hard materials and this plays 
an important part in the industrial use of the stone.
IVhen a tool is attacking a material moving at high speed, 
the removal of heat from the cutting point is very important 
in preventing loss by burning or thermal fracture. It is 
this combination of extreme hardness and high thermal 






The history of the theory of crystal growth divides 
into two parts. One is the theory of the growth of ideally 
perfect crystals, starting with Willard Gibbs (18?8) and 
then developed between 1920 and 1948 by various workers, 
notably Volmer (1922 onwards), Kossel, Stranski, Becker and 
Doring, Frenkel, and Burton and Cabrera. The second is the 
theory of the growth of imperfect crystals, commencing with 
Burton, Cabrera and Frank (1949).
2.2. Growth of perfect crystals
The first quantitative theory of crystal grov/th was 
given by Gibbs in l8?8 on the thermodynamic grounds. Gibbs 
made use of the analogy of a liquid drop and applied conditions 
governing the growth of water droplets in a mist to the growth 
of a crystal. The free energy that resides on the surface 
separating the two phases retards the formation of the second 
phase inside the first. Therefore the condition for the 
stability of an isolated drop of liquid is that its surface 
free energy and hence its area be minimum. For a crystal 
in equilibrium with its surroundings at constant temperature
H
14
and pressure, this condition implies that the Gibbs free 
energy must be minimum for a given volume. It therefore 
follows that, for a given volume, those faces which lead 
to a minimum total surface free energy will develop.
However, the atoms or molecules in a liquid are randomly
arranged, whereas in a crystal the structural units liave a 
regular arrangement. This essential difference between 
liquid drops and crystals was realized by Gibbs himself. 
Curie (I885) calculated the shapes and end forms of a 
crystal. Wulff (1901) extended this theory and deduced 
that the velocities of growth of different faces in the 
directions of their normals are proportional to the 
appropriate specific surface free energies. A crystal 
should therefore form a polyhedron such that the distances 
of the faces from the centre of the crystal are proportional
to the surface free energies per unit area.
Volmer (1922) introduced a growth theory which was 
based on the idea of an adsorption layer. He suggested 
that when a crystallizing particle arrives at a surface it 
only loses a portion of its latent heat and as a result 
binds on to the surface. This particle, however, still 
has freedom to move laterally on the surface. Other 
neighbouring particles also are in the same condition.
15
These surface particles constitute an adsorbed layer, which 
interposes itself between solution and crystal surface and 
is capable of attaining equilibrium with the solution 
practically in an instant. Frequent collisions may be 
expected between the particles constituting the adsorption 
layer. As a result of some inelastic collision, the germ 
of a two-dimensional crystal will be formed and this will 
attach itself to the lattice plane below. The velocity 
of spread of the crystallized portion of a layer is approx­
imately proportional to the square of the density of 
particles in it.
According to Kossel (192?) the crystal is nearly in 
equilibrium with its solution which is only barely super­
saturated, and only such lattice types are considered as 
show the potential energy between two particles as simple 
functions of the distance and in which the energy of 
attachment to the lattice is the sum of the contributions 
due to each adjacent neighbour. The crystal is then 
assumed to build itself up by the indefinitely continued 
repetition of the most probable equivalent steps. Once 
a beginning has been made (that is, an atom laid dovm), the 
planes will spread rapidly to completion. The growth rate 
will depend more upon the chance of a lone atom finding a
16
seat on a completed surface than upon the rate at which 
subsequent atoms are laid down side by side. Another 
important conclusion reached by Kossel is that, to begin a 
new layer, on top of one just completely filled in, the 
interior of the plane is the most probable spot for homo- 
polar types of crystal, followed by the edge and the corner 
in lessening degrees of probability. However, according 
to Kossel the probability is in the reverse order for the 
case of heteropolar (ionic) crystals. In case of ionic 
crystals, at the beginning of a new row, there is a marked 
variation in the ease with which an ion sets itself down 
in the row and after a few ions are lined up, these 
fluctuations are smoothed out and more uniform conditions 
prevail. Once a new layer has started, the most natural place 
for a new ion to deposit is exactly as for homopolar crystals, 
that is, to continue an already started chain of atoms.
When a chain is complete the most easy step is the beginning 
of a new chain. When the whole layer is deposited, diffusion 
from supersaturated layers surrounding the crystal rapidly 
brings about conditions where-in further deposition becomes 
most urgent. When layers are placed uniformly in position 
in the Kossel manner, a rate of several thousand a second is 
common. If a large proportion of the time consists of lulls.
17
the time taken to put down one single layer must be very 
short indeed. This tendency for initial growth to occur 
at corners and edges might at high supersaturation, cause 
the crystal to assume skeletal or hollow formations such 
as are often encountered with sodium chloride.
According to Stranski (1928), in ionic crystals, the 
cohesion of ions in the lattice may be accurately estimated 
by means of the electrostatic forces between the ions and 
by the repulsive forces of the kind postulated by Born , 
(Buckley 1951)* Stranski cites two alternative stand 
points as speculations with regard to the conditions at the 
crystal surface:-
(a) the ions do not remain in the same relative positions 
at the surface as in the lattice interior, but suffer 
deviations from the lattice positions, the displacements 
being in general different for anions and cations.
(b) the process at the surface is one of deformation or 
distortion of the ions themselves rather than of any 
appreciable displacement from nodal points in the lattice. 
He assumes that the repulsion due to the ion deformation
is compensated by the deformation of other ions which would 
be laid open by the partial removal of the said ions. 
Stranski evaluates the energy associated with the work of
18
separation of ion-pairs (molecules). It is interesting 
that the work needed to tear off a molecule from the 
surface is less than that required for either of the single 
ions and this suggests that dissolution is more likely to 
occur in a molecular rather than an ionic fashion, and 
Stranski thinks that some molecules thus formed might 
persist in the vapour state. He also suggests the need 
for ion strips or ion flakes similar in character to the 
two-dimensional crystal seedlings of the Volmer adsorption - 
layer theory of crystal growth.
Stranski and Kaischev (1935t 1937) showed that in a 
concentration in which a three-dimensional seed of a certain 
size is just able to survive and any lowering of the size of 
the seed will cause its disappearance, a two-dimensional seed 
of only one half its length of edge appearing on the crystal 
surface, can remain aid continue to grow. They state that at 
low degrees of supersaturation, the spread of the surface 
layer from the seedings formed in it will be the only process 
taking place, but as the supersaturation increases, a condition 
may arise in which entirely new crystal seeds be able to form 
and both processes may then occur at the same time. According 
to Kossel, once a single crystal unit is laid down, provided 
the supersaturation of the surrounding liquid is the same, no
19
further impulse is needed, and the next plane proceeds to 
build to completion.
binders on ' s (1932) work on crystals of zinc is strong 
evidence in favour of crystal growth by layers. Bunn and 
Emmett (1949) have made extensive qualitative studies 
regarding the phenomenon of layer formation on a variety 
of crystals. The outstanding generalizations which 
emerged from their observations can be summarised as follows
1. Layers very often start, not from edges or corners of 
crystals, but from the centres of faces, spreading outwards 
towards the edges.
2. As the layers approach the edges of the crystal faces, 
the thickness of the layers are seen to increase in many 
crystals.
3. The boundaries of the layers are very often irregulap, 
particularly when growth is rapid. But as growth slows 
down there is a tendency to regularity of shape, the actual 
shape conforming to the symmetry of the crystal face.
4o The thickness and shape of the layers may be strongly 
influenced by dissolved impurities.
Bunn*s observation of layers spreading, one after 
another, on the faces of a crystal of sodium chloride is 
shown in figure 2.1.
20
Seager (1933) examined crystals of several mineral 
species for evidence of the mechanism of growth and came 
to the conclusion that growth by layer-spreading seemed 
to offer the only satisfactory explanation of the origin 
of the structures observed.
2 .3 . Growth of real crystals.
The growth of a 'real* crystal is indeed a very 
complex phenomenon. The Kinetic theory of formation of 
growth nuclei on the surface of a 'perfect* crystal 
assumes a degree of super saturation of at least 30/&. 
Actually however, growth is often observed at low degrees 
of supersaturation, of the order of 1% (Frank 1952). To 
explain the discrepancy, Frank considered the influence 
on the nucléation of the presence of dislocation in the 
growing crystal. (Spiral growth does not at all seem to 
be the mechanism of growth of natural diamond and only a 
brief account of Frank's theory is given below).
Frank suggested that growth might be catalyzed! by 
the presence of dislocations having a Burgers vector 
which has a component perpendicular to the crystal face.
For geometrical reasons a step is attached to the emergence 
point of such a dislocation. During growth, building 
units are attached to this step which tends as a consequence
21
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O Figure2 .1 .
Spreading of layers one after another on the face of 
a crystal (after Bunn).
( d )








The two modes of crystal growth (after Bunn)
(a) Formation of new nuclei successively
on the surface.
(b) Spirql growth originating in a screw
dislocation.
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to be displaced parallel to itself. But since it is 
anchored at the emergence point, it will wind up into 
a spiral. Figure 2.2. indicates v/hat happens. P 
is the emergence point. During further growth, each 
part of the spiral moves outward and as a result the 
spiral apparently rotates around its centre, maintaining 
a stationary shape. Direct evidence for the occurrence 
of this process was obtained by Griffin (1950), Verma 
(1931), Amelinckx (1951), Forty (1951) and others.
The two different modes of crystal growth are 




3 .1. Multiple-beam Interferometry.
The study of the contour of an approximately plane
P
smooth surface by using optical interfernce dates back to
Fizeau (1862). Since that time, the use of two-beam
interference fringes for the control and assessment of small
departures from the plane became an accepted basic technique.
However, the nature of two-beam fringes is such that the
2
intensity distribution follows a cos law such that the light 
and dark parts are equal in width. Multiple-beam inter­
ferometry, on the other hand, produces a very great sharpening 
of the fringe system and consequently a very high order of 
sensitivity is possible v/hen studying surface topography.
By 'multiple beams' is meant the employment of a succession 
of coherent beams which are specifically related in phase 
and intensity. Ideally, the beams should be behind each 
other in phase, in an arithmetical progression, should fall 
in intensity in a geometrical progression, and the series 
should be infinite. Ideally fringe displacements, as small
A
as th of an order separation can be resolved and
measured, that is, the very small height change of the order 
of only 10 angstroms could be measured. But this high
t/
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resolution is in the up and down direction only. The one 
limitation of multiple-beam interferometry is that it 
cannot be expected to reveal height changes of any details 
which are only ultra-microscopic in extension.
The theory and a general formula of a multiple-beam 
interference effect between parallel plates was first given 
by Airy (I831). Boulouch (1893) noticed the significance 
of Airy's formula and drew attention to the sharpening 
effect which results if the surfaces are coated with a 
highly reflecting film. Later, Fabry and Perot (1897) 
developed the multiple-beam interferometer which consisted 
of two silvered, plane-parallel faces. They also applied 
the multiple-beam technique to thin wedges consisting of 
silvered planes enclosing a thin air wedge. They did not, 
however, make an analysis of the necessary conditions 
required to produce really sharp fringes, nor did they 
visualise the application of multiple-beam fringes to 
topography. The detailed analysis of the optical conditions 
necessary for high definition multiple-beam fringes from 
wedges was given by Tolansky in 1946. The extension of the 
multiple-beam principle from plane parallel surfaces to 
wedges is a development of great significance. In the 
former case, the fringes which are circular fringes of equal
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inclination at infinity involve integration of light over the
whole area of the planes, but in the latter case, the fringes
are the localized fringes of equal thickness and these give
a highly localized topographical contour map, the fringes
being critically localized on the surface under study when
the light is incident normally.
Airy's formula
In figure 3.1, let A and B be parallel reflecting
surfaces separated by a distance *t' and enclosing a
medium of refractive index^. Let a light beam, be
incident at an angle ©. A fraction of the light R is
reflected at A and a fraction T is transmitted. This
component T meets B where the amount RT is reflected, and 
2
T transmitted. The whole operation repeats itself and 
the result is the transmission of a series of diminishing
geometric intensity,
P 2 2 4 2
T -f R T + R T  .......................
i.e. (1 +   )
Similarly there is a reflected series 
R + R + R^ + • • • •
i.e. R ^ 1 + (1 + R^ + R^ + • • •
Either the transmitted light or the reflected light is
allowed to fall on a collecting lens and all the beams
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combined at the focus of this lens. Each successive beam 
lags behind its predecessor a distance 2jkt"cos ©. The 
phase lag S' = 2 TT 2 ^  (r cos 6 .
X
If the transmitted series of beams is summed to infinity, 
the resulting intensity at any point in the field corres­
ponding to S’ is given by
I . -JE.'
(1 - R)Z 1 + 4R  Sin^
(1-R)^
As the quantity Sin can only vary from 0 to 1, the
resulting intensity is maximum or minimum, respectively,
2
depending on whether Sin is zero or unity.
When Sin^<5/^= 0 (which happens at 2f^t cos 0 = nX  )
I =max --- 2
(1 -R)
If there is no absorption at the reflecting surfaces, then
R + T = 1 and I = 1 .max
This means that the intensity of the fringe maximum is equal
to that of the incident light, irrespective of the values of
2 ^
R and T. When Sin = 1, and there is no absorption, the
intensity is raimimum (when 2 pit cos G = (n + 14) X )
and is given by
I . = (1 - R)^min  Ô
(1 + R)
28
'r t '^ /R^T^










The fringe shape is independent of T and is determined 
by the reflectivity R.
Boulouch pointed out that a profound change in 
appearance of the interference fringes takes place both 
in reflection and in transmission when the reflecting 
coefficient is increased considerably. For example when
2
R has a high value, say 0.90, the fringe shape of the cos 
intensity distribution as in figure J .2 changes as in 
figure 3 *3 *
Effect of absorption
Absorption merely influences the total intensity of 
the transmitted pattern and not its shape. The transmitted 
intensity is given by
 'i—  — !------  where F = — -- —
(1 - R) 1 + F Sin 3/^ (1 - R)
and is called coefficient of finesse, since it determines
the fringe shape. If A is the fraction absorbed at egch
silver film, T + R + A = 1, whence ( T ) becomes
+ â / T  j
It is noticed that F still remains independent of A. This 
means that the whole pattern is reduced in intensity by the 
factor k. A mere increase in reflectivity by say from
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0.95 to only 0.955 reduces the intensity from 1 th to 1 th
25 ^
of the incident light - a catastrophic result. No matter 
what the reflecting coefficient might be, with zero absorption, 
the transmitted peak intensity is always equal to that of the 
incident light.
In surface microtopography the use of the reflected 
system is of much greater general applicability than that 
of the transmitted system. Figures 3*4 and 3*3 show for 
comparison the predicted transmitted and reflected intensity 
fringe distributions. In fact by turning figure 3*4 upside 
down, we get figure 3*5• The distribution in figure 3#5 
leads to one marked difference between the two systems.
In transmission, two or more separated wave lengths can be 
used as in figure 3*6 without either set affecting the other 
but in reflection, this is not possible as is evident in 
figure 3*7* This makes it necessary to use only one wave­
length in reflection.
The reflected series can be written as 
R + (1 + + )J. The effect of an
absorption A is to reduce T to a lower value T, i.e. frcxn (1-R) 
to (1 - R - A). In the series for reflection, the quantity 
within the square brackets is that which combines to bring 
the minimum down to zero. Because of absorption the series
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changes to R +|^R (1 + R^ + R^ + Q  and is
less than T. The quantity within the square brackets is 
then no longer sufficient to bring the fringe minimum to 
zero. ’\Vhen absorption increases, the contrast is severely 
affected and the fringes can hardly be seen or photographed 
as is evident from figure 5 .8 . IVhile fringe width is 
determined by reflectivity, the fringe visibility is decided 
by absorption only. If absorption is low, the fringe 
contrast is high, the fringe minima will dip very low and 
they appear very dark against an intense bright background.
If the absorption is high, the fringes will still be narrow 
but they will be hardly visible. Thus high reflectivity 
and low absorption are essential conditions in reflection 
interferometry.
The Phase condition.
Tolansky (1946) pointed out that the Airy summation 
only holds strictly for parallel plates. He, however, 
showed that if certain critical conditions are fulfilled, a 
close approximation to the Airy formula can be achieved for 
a doubly silvered wedge. The distinguishing feature between 
the wedge and the parallel plate is that in the latter the 
phase difference between successive pairs of beam at one angle 
is equal, the emergent beams being parallel and the fringes
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at infinity, while in the wedge, the phase lag depends on
the thickness of the wedge, the wedge angle and the angle
of incidence (figure 3 *9 )t the successive beams entering the
collecting lens at different angles and the fringes being
localized in the wedge. Tolansky first calculated the phase
lag for successive reflections in a wedge in the case of
normal incidence and then later, a more detailed calculation
was made by Brossel (194?). Let AC, GB of figure 3*10
represent the wedge and also the wave fronts reflected at
each surface. Then GD^,.......GD^ represent the
successive wave fronts after multiple reflections. % e
calculated path lag for the n th beam at the point P(x , y)
3 2first given by Tolansky is 4- n Q t.
3 V
When this lag attains the value ^  for a beam, this
2
particular beam no longer assists the Airy summation. If
t be the critical value of the separation for which the lag 
c
is  ^ then 4 0^ t = X
T  3 2 *
If there are x fringes per centimetre on the surface then
e = X X from which we get 
2
t = 3
For a value of X = 5*46 x cm and n = 60
t = 1_______   cm













This value for is the maximum permissible for close
approximation to the Airy condition.
Linear displacements of beams.
From figure 3*9 , it can be seen that the successive
orders initially strike the surfaces A and B further and
further away vertically from the region X. The distance
of the n th beam from the first beam can be approximately
2
taken to be equal to 2 n t 0 .
X 2 X , d = n t X X
For = 3*46 X 10*” cm, and n = 60
= t X cm, that is, the displacement is proportional to
t. The phase condition imposes a small value on t and so
d also becomes small. For example if x = 100, that is, the
dispersion is 0 .01 cm, then d^^ = 20 t^ .
Taking t^ =   , dg^ = 0.0002 cm. The whole of the
10 x^
6o beams thus comes from a region comparable to the resolving 
power of a microscope. The interference pattern is then a 
correct picture of topography.
Errors in Collimation.
The finite size of the source and the imperfection in 
the lens lead to imperfect parallelism in the incident light, 
This leads to a range of angles of incidence which results in 
fringe broadening. For normal incidence n = 2t
X
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For incidence at angle 0, n = 2 t cos 0
X 2
If small angles are involved n - n = t 0
X
This quantity (n - n^), is the change in order produced by 
deviation © from parallelism. It is reasonable to assume 
that fringe width is about 1 th of an order. The best
50
displacement measurable is about J^ th of a fringe i.e. 1 th
5 200 
of an order. Taking this as an extreme value above which
the fringe should not be broadened then the value of 0 which
can be tolerated for 1 th order is obtained by substituting
1 200 1 
n - 111 = . The tolerance in © for t = mm
1 o 1is 3 degrees, for th mm it is 1 and for ":j^ h ram it is
~ of arc. If a 10 cm lens is used for producing the 
3
parallel beam, the sizes of the permissible apertures at the 
lens focus in the three cases considered above would be 6 mm, 
2 mm and 0.6 mm respectively. Thus the accuracy of the 
parallelism is directly dependent on the separation *t* 
between the surfaces. The smaller the separation, the 
bigger the tolerance, that is, the larger the tolerated 
numerical aperture.
Summarising, the following conditions are necessary 
for the production of sharpened multiple-beam Fizeau fringes.
1. The surface must be coated with a highly reflecting 
film of minimum absorption.
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2. This film must contour the surface exactly and be
strictly uniform in thickness.
3. Monochromatic light or at least a few widely spaced 
monochromatic wave lengths should be used.
4. The interfering surfaces must be separated by at most
a few wave lengths of light.
5. A parallel beam should be used, vdthin - 3^ 
tolerance.
6. The incidence should preferably be normal.
3.2. Fringes of equal chromatic order.
This multiple-beam fringe system was first described
by Tolansky (1943). The experimental arrangement for the
production of these fringes is shown in figure 3.11. By
projecting an image of the interferometer wedge on the slit
of a spectograph, and by replacing the mercury source by a
vdiite light source, fringes of equal chromatic order are
produced in the focal plane of the spectograph.
Assuming normal incidence for an air film, the
equation for Fizeau fringes becomes 2t -vX ^  §
Thus for a fixed value of n, ^ is a constant. In other
words, the fringes of equal chromatic order are locus of
points for which j is a constant. From the relation above,
n = 2yt where y = — , and dn = 2tdy
A
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For successive orders dn = 1 and therefore t =
2 dv
Thus for any given value of t, the fringes are equally 
spaced and since each fringe order corresponds to the 
same line section the shape of the fringes is similar 
except in so far as they are limited by the chromatic 
dispersion of the spectograph.
At an elevated feature in the line section the 
value of t will decrease and in order that be
constant, \ will also decrease, which implies that the 
fringes will shift towards the violet end of the 
spectrum. Thus direction of elevation or depression 
can be settled by the fact that a hill bows the fringes 
convex to the violet and a valley bows them concave to 
the violet.
Method of measurement.
Let the height (t^  - t^) of the hill shown in
figure 3.12 is to be determined. If n is the order of
the fringe A, then
2 = (n + 1) Xg
and 2tg = a = ( n + 1 ) X g
Thus n
B \D
X A — X B X c —Xd





= t^  - t^  = 1 Xb (Xa -Xc) (4)
^ XA - Xb
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Measurements of the wave lengths are made by exposing 
photographic plates to both, the fringes of equal chromatic 
order and the mercury spectrum. The successive fringes 
A and B are selected near the mercury green and yellow 
doublet lines. The horizontal distances of A, B, C, D,
G and are measured from and the corresponding wave 
lengths are calculated from the dispersion curve of the 
spectograph.
3*3* Light-profile microscopy.
The light-profile technique introduced by Tolansky 
(1952) is a considerable development of the Schmaltz (1936) 
light - cut method. The technique is very simple to apply 
and is most suitable for topographical examination of 
surface structures particularly when the structures are 
coarse from the view point of interferoraetry.
The Schmaltz light- cut method has been discussed in 
detail by Rantsch (1945) from whose treatment it is clear 
that magnifications beyond 400 are not applicable. In the 
original method an image of the slit is projected on to 
the surface under study at an incidence of 45 degrees, with 
a microscope objective. The specularly reflected beam is 
then viewed with a separate microscope. The effect of the 
arrangement is to convert a profile in depth into a line 
pattern in extension. Because the two lenses approach the
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surface each at 45^ incidence, working distances prevent the 
use of high powers and thus limits the magnification to at 
most some 400 in practice. There are alternative light - 
cut methods suggested by Busch (1943), Frischmuth (1943) 
and Menzel (1931). But all these suffer from the defects 
of usual light - cut.
Light - cut method suffers from the following drawbacks
1. There is a possibility that the image may have a 
characteristic chopped appearance because there is no reflec­
tion from non-specular regions. Thus the surface under 
examination is not truly represented and in cases when the 
non-specular parts lie deep or project high, there is bound 
to be great error.
2. Profile appearing as a bright line on a dark baclcground 
necessitates two photographs and makes identification of 
area under study difficult.
3. Diffuse regions lead to much scatter which locally 
broadens the image considerably.
4. Very high magnification is not applicable and 
resolving power suffers considerably.
All these defects v/ere overcome by Tolansky and high 
resolution and high magnification could be achieved to give 
profile contours over a complete selected area with a single
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exposure.
The experimental set up for light - profile is shown
in figure 3*13* A is a monochromatic source which sends
light through the condenser L, and diaphragm S^. The
light then passes through a field iris The profile
which can be a fine wire, a hair, a scratch or an etch
line on glass or an edge of a razor blade or a photographed
line is placed very close to M is a metal tongue
reflector which sends an off-centred pencil as shown in
figure. The surface under examination is placed at X
and the microscope is adjusted so as to get a very well-
focussed image of the surface at S. The profile is then
inserted near and is moved forward and backward so that
its well-focussed and sharp image is formed on the surface.
The profile would appear as a dark sharp line.
Tolansky has shown that the profile magnification
M = 2 M tan i where M is the linear magnification of
n
the microscope in extension, n is the refractive index of
the medium in which the surface is immersed and *i* is the
angle of incidence of the off-centre pencil. In the above
expression = 2 tan i = R (say) would be constant for
M n
a particular objective. The values of the constant R used 
with the microscope in this laboratory have been obtained
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by Tolansky and are given in the following table.
Lens R i
2 .2. mm 1.00 37°
4.0. mm 1.23 31.5°
8 .0 . mm 0 .56 15.5°
The above technique can equally well be used both
for opaque and transparent substances. Very high
magnification can be used. The height or depth of a
feature is given by height or depth = shift on the plate i
lens constant x magnificat
3 .4 . Phase-contrast microscopy.
The eye sees an object because of two properties of 
the light coming from the object and entering the eye. The 
eye recognises difference in colours and difference in 
brightness. Colour depends upon the wave length of the 
light and brightness is a function of the amplitude. Thus 
the eye is responsive to wave length and amplitude. A 
good deal of information about any specimen could be obtained 
if the differences in optical path in the specimen is 
observed. Optical path is the product of the linear path 
of the light through the transmitting medium and the refract­
ive index of the medium. The details of many industrial 
and biological specimens are characterised by differences in 
refractive index. Under an ordinary microscope such details
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are invisible* This situation can be improved by narrowing 
the aperture of the objective or the condenser but by doing 
so, the resolving power is deteriorated and it becomes very 
hard to interpret the image that is seen. If a microscope 
specimen contains detail that differ from each other in 
optical path, the phase of that portion of the illuminating 
wave front passing through the detail is changed. If a 
microscope can delineate change of phase as a change in 
brightness or colour, the eye, photographic plate, or photo­
cell will be able to detect the microscopic areas causing 
the phase changes. This is done by the phase-microscope.
According to Bennett et al (1931), Zernike was the 
first to apply the principle of phase contrast to the 
microscope in 1934. However, it was not until 1941, that 
the results of Zernike's method were published.
Phase microscopy is based on the effect of the 
combining of light waves. The properties of these waves 
on which phase microscopy depends are amplitude and phase. 
Consider a small transparent specimen which is ideal for 
phase microscopy and is placed on the optical axis of the 
microscope optical system. The specimen is thought to be 
embedded in a medium whose refractive index is almost equal 
to that of the specimen. The difference between the
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refractive indices will give rise to the slight difference 
in optical path between the specimen and its surroundings.
Let a single light wave be incident on the specimen and its 
surrounding medium. In figure 3*14, S represents the light 
transmitted by the surround and P is the wave transmitted 
by the particle. A small phase difference is introduced 
between the waves S and P depending on the refractive indices 
of the particle and the surround. For example, if the 
particle has a higher refractive index than that of the 
surround, the wave after transmission through the particle 
is retarded. The situation is illustrated by figure 3*15* 
The difference between the two waves is represented by the 
curve D which is almost exactly ç wave length out of phase 
with the curve S, provided that the retardation of P is 
small. D represents the light deviated by diffraction at 
the specimen. S represents the undeviated wave. The two 
waves S and D are entering the microscope objective. These 
two waves then interfere in the neighbourhood of the 
geometrical image of the particle formed by the objective.
The waves S and D recombine and form the wave P. The image 
of the surround is formed by the wave S. The amplitudes of 
both S and P are equal and hence there is no contrast between 
the image of the particle and its background and the result
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is that the particle is invisible. This situation is 
characteristic of an ordinary microscope.
Contrast between the particle and its background
can be obtained by changing the phase of D with respect
to S so that S and D are either in exactly the same
phase or ^ wave length out of phase. Figure 3.16
represents the combination of the waves D and S when the
1
phase of D has been advanced by ç wave length and figure
3 .1 7  represents the combination when D has been retarded 
Ç wave length. From figure 3*16, it is evident that the 
amplitude of D -p S, representing the light in the image 
of the particle, is considerably greater than the background 
light represented by S. The result is that the particle 
will appear lighter than its background (negative phase 
contrast). Similarly from figure 3*17, it is seen that the 
light in the image of the particle is S - D and the back­
ground is S. The result is that the particle appears darker 
compared to the background (positive phase contrast). It 
is thus seen that if the phase of the deviated light can be 
changed with respect to the direct (undeviated) light from 
a single point in the original source of illumination, the 
invisible phase differences arising in the specimen are 
changed into amplitude differences in its image, which is
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thus made visible. How* this change is obtained is shown 
in figure Let a beam of light proceed upward from
a single point in the condenser diaphragm. This point is 
on the axis of the optical system and is located at or 
near the lower focal plane of the condenser, from which the 
beam emerges as parallel or nearly parallel rays. The 
specimen diffracts the light provided that it is inhomo­
gene ous with respect to refractive index as well as absorp­
tion of light. The deviated light is represented by the 
rays diverging from the specimen and originating there.
The parallel rays continue their course, without deviation, 
into the stereoscope objective system and are brought to a 
focus at its back focal plane, v/hereas the bundle of deviated 
rays is focussed at the focal plane of the eyepiece by the 
objective lenses. At the diffraction plate (or phase plate) 
the direct and deviated bundles are definitely segregated 
with only very little overlapping. The phase of either 
the direct or the deviated light can therefore be changed 
by introducing a layer of dielectric material, such as 
magnesium fluoride, on that portion of the diffracted plate
covered by these rays. In figure 3*1#, the direct light
»
is retarded by the layer of dielectric material. At the 

















over the field of view, and the deviated light, now 
converged, interferes with the direct light to form a light 
(negative phase contrast) image of the corresponding point 
in the specimen.
The phase vertical illumination microscope.
These microscopes are used for observing specularly 
reflecting specimens. The phase vertical illuminator 
increases the contrast in the image of surface details which 
consist of elevations and depressions and which therefore 
gives rise to small differences in optical path between 
rays reflected from neighbouring areas at different heights 
on the surface of the specimen.
There have been many changes and improvements in the 
optical system for this kind of microscope. Figure 3*19 
describes the optical system used by Jupnik et al (1948).
A diaphragm, D, having an annular opening served as the 
entrance pupil of an optical system consisting of a field 
lens, the microscope objective, and the reflecting surface 
of the specimen. The light source was imaged on diaphragm 
D by the condenser lens. The field lens and the objective 
formed an image of the diaphragm below the specularly 
reflecting surface of the object specimen. The light after 
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objective again and focussed the real image of the 
diaphragm. Image became the exit pupil and therefore 
the location of the diffraction plate.
Cuckow (1949), Taylor (1949), Osterberg (1948),
Benford and Seidenberg (1950) have tried with many 
different kinds of optical system. Whatever optical 
system is adopted, the surface of the specimen must be 
perpendicular to the optical axis of the microscope so 
that the image ..of the diaphragm is centred upon this 
optical axis when the condenser diaphragm has been centred. 
If the surface of the specimen diffuses the incident light 
completely, no image of diaphragm D is formed after the 
light passes through the objective the second time and 
phase contrast cannot be obtained.
3*5* Silvering technique
In delicate multiple-beam interferometric work, it 
is of the utmost importance that the reflecting film should 
possess a very high reflecting coefficient and negligibly 
small absorption. For fringes to be sharp, these two 
conditions must be met. The presence of impurities on the 
surface reduces the reflecting coefficient and increases the 
absorption a great deal. It is thus ncessary that prior to 
deposition of silver, the surfaces must be very thoroughly
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cleaned. The procedure is to first clean with soap and 
water to remove any grease. Then hydrogen peroxide is 
used. This reagent removes many organic materials and 
is a also an excellent solvent for removing any silver 
from a surface which was coated before. Finally, the 
surfaces are washed with hot water and dried with cotton 
wool. If dirt obstinately sticks on to diamond, it is 
kept in boiling nitric acid for about five minutes and 
experience has shown that this is an efficient way of 
cleaning diamond. A final check about the cleanliness 
of a surface could be made by the "breathing test". By 
blowing on to the surface, a breath figure is formed by 
the condensation of the water vapour in the breath on to 
a grease film on the surface. The uniformity of the breath 
figure and its very rapid disappearance is found to be a 
very efficient test of the cleanliness of the surface. The 
grease film is then finally removed by ionic bombardment 
in the vacuum chamber.
A commercial coating unit manufactured by W. Edwards 
and Company was used for depositing the film. A drawing 
of the plant is shown in figure 3*20. The vacuum chamber 
was a large pyrex bell jar with a diameter of 18 inches and 





and is resting on a massive steel base plate. A vacuum 
tight seal between the chamber and the base plate is achieved 
by means of an ungreased rubber sheet. Two vacuum tight 
insulated electrodes were fastened into the base plate, the 
third is earthed. The filament used for Evaporation is 
connected between the two electrodes. The chamber is connected 
through a flap valve set in the base plate to a three stage 
oil diffusion pump which is backed by a rotary oil pump.
A Pirani vacuum gauge is used for measuring the initial 
pressure in the chamber and the backing pressure of the
-if
diffusion mpump whereas pressure below 10 mm of Hg
in the vacuum chamber is measured by a Philips type cold cathode
ionisation gauge.
The evaporation procedure is as follows. The cleaned 
specimens are placed above holes in a metallic stage placed 
about 30 cms above and facing the filament. The filament 
is a moly bdenura strip. The silver pillets rest in a small 
depression in the centre of the filament. The filament is 
then covered by an adjustable shutter. The system is pumped 
to about 0.10 mm of Hg pressure with a rotary pimp. A high 
voltage discharge is then passed between the electrodes with 
the primary current of the transformer never exceeding k 
amperes. This is the procedure for cleaning by ionic
59
bombardment. After about 15 minutes of ionic bombardment, 
the rotary pump is made to back the oil diffusion pump and 
the vacuum chamber is slowly opened to the diffusion pump.
When the pressure as indicated by the ionisation gauge is 
about 0.05 micron the silver is evaporated. With the shutter 
covering the filament, a current as high as 90 amperes is 
passed for a little while so that the impurities in the silver 
(if any) would normally burn off. The current is then 
increased to about I50 amperes and the shutter moved aside.
The evaporation is rapid and the necessary film thickness 
to give the required reflecting coefficient is achieved 
within a few seconds.
Sennett and Scott (1950) have shown that the absorption 
is critically dependent on the rate of the evaporation, the 
more rapid the deposition, the lower the absorption. The 
uniformity of silver deposit is of paramount importance.
In the evaporation plant the distance between the source and 
the specimen is about 50 cms. The density at the circum­
ference of a disc of radius 1 cm is less than that at the 
centre by about 1 per cent (Tolansky 1949). A quick idea 
about the reflectivity could be obtained by the colour 
characteristic. If two silvered glass plates are held 
close together, almost parallel and close to the eje and a
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bright filament lamp distant about 1 metre is viewed through 
them, then by slightly tilting one plate^a succession of 
multiple images can be seen. The higher order images 
become progressively more and more yellow since the longer 
wave lengths have higher reflectivity. The better the 
film, the slower the approach to yellow and the more blue is 
to be seen in the initial images. Although the thickness 
of a satisfactory silver film is about 500 Angstrom units, 
it appears to contour the surface structure very closely, at 
least to within 10 Angstrom units.
61
CmiPTER IV
SURFACE TOPOGRAPHY OF DIAMOND AS KNOWN 
FROM THE STUDIES OF EARLIER WORKERS
( A BRIEF SUMMARY)
4.1. Introduction
Natural diamonds occur in a variety of forms and 
of these, two types dominate - the octahedron and the dodecahedron. 
The octahedron often has fairly flat sides but the dodecahedron 
frequently has very curved faces. Cubes are comparatively 
rare and their faces are almost never flat or smooth but are 
always pitted and rough.
The characteristic surface features of diamond have 
been a subject of considerable study and speculation - 
speculation because no universally accepted theory of the 
growth of diamond has yet been evolved. But, as Tolansky 
(1955) has pointed out, the surface topography is often a 
’^ frozen-in picture" of the last stages of growth. Topo­
graphical study is therefore important in that it would 
yield definite information about the process of growth.
Fersraann and Goldschmidt (I9II) believed that 
practically all diamonds have at some time during their 
life - history, suffered extensive dissolution and this 
they attributed to be the cause of the curvature of faces
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so frequently found. They thought that dissolution 
was responsible for "etched projections" on dodecahedral 
faces and for the "etched bore holes" on cubic faces 
although they believed that the triangular features 
(trigons) characteristic of octahedral faces are due 
to growth. *
Williams (1932) disagreed with the conclusions of 
Fersmann and Goldschmidt and believed that diamond was not 
subject to dissolution.
4.2. Tonography of octahedral faces.
Octahedral faces are characterised by well- 
defined equiangular triangular depressions called 
"trigons" (Sutton 1928) with their corners pointing 
towards the edges of the octahedral faces. Tolansky 
(1955, i960, 1965) has made an intensive study of the 
trigons and believes that 'dll' octahedra exhibit trigons 
and has consistently expressed the view that trigons are 
a basic growth mechanism. He has stated (I96OA) that 
trigons arise essentially because the growth process on 
the octahedral face occurs in plane wave-fronts and because 
of the crystal symmetry, spreading of growth sheets 
"inevitably" leads to equiangular triangular depressions.
He has further conjectured that as the crystal grows, the
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trigons fill in but that always on the surface, when growth 
has stopped, there would remain invariably some incompleted 
trigons, ( A detailed study of trigons has been undertaken 
by the present author and the results obtained are given in 
Chapter V).
Triangular growth hills of orientation opposite to 
on
the trigon are common/the octahedral faces. Strictly linear 
discontinuities are often encountered on the octahedral faces. 
Tolansky, Halperin and Emara (1958) have studied these lines 
and have come to the conclusion that they originate in slip. 
On the octahedral faces, Tolansky and Emara (1955) have 
reported the occurrence of a mode of growth by plane sheets 
which leads to the formation of six-sided growth features 
containing alternate angles of approximately 90° and 150°. 
They showed that the edges of these are effectively parallel 
to the directions ^  451^ which they concluded might possibly 
grise through intersection of (221) vd.th the (111) face.
4,5* Topography of Dodecahedral faces.
The features observed and studied on the 
dodecahedral faces are:-
(a) striations (in Chapter VII, it is shown that these 
striations are nothing but the edges of growth sheets).
(b) irregular net - works.
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(c) crystallographically oriented networks.
(d) raised circular discs.
The networks may usually be oriented ruts but are 
also sometimes oriented ridges. These networks are
supposed to arise during a solution process. Tolansky 
(I96OA) has established that the dodecahedral faces etch 
a good deal more easily than the ocathedral faces.
The elevated discs are often a couple of thousand 
Angstroms in height. It is conjectured that the diamond, 
during growth, might have been in contact with small liquid 
or gaseous bubbles. After formation, and during the cooling 
off, there might have been dissolution on the dodecahedral 
faces (which often show etch pits). The bubbles might have 
had a protective function and prevented dissolution with the 
result that the crystal face is left with small discs standing 
proud. The multiple character of some of the discs is 
ascribed as due possibly to slight micro-oscillations of the 
bubbles.
4.4. Topography of cube faces.
All the early workers like Sutton (1928) and 
Williams (1932) had observed that cubic faces are invariably 
extremely rough. Tolansky and Sunagawa (196o4 and Harrison 
(1964) have studied a large number of cubic faces. They
confirm the invariable roughness of the surface. The 
features commonly observed are quadrilateral pits and 
Tolansky and Sunagawa have observed that they may be 
analogous to the 'trigons* of octahedral face and so 




STUDIES ON DIAI40ND CRYSTALS OF THE 
0GTAI-I5DRAL HilBIT
5 .1. Tritons - a brief objective survey of facts already 
known and published about the origin of trigons.
The origin of trigons, the equiangular triangular 
depressions, seen on the octahedral faces of diamond, has 
been a subject of considerable study, speculation and 
controversy. The controversy is well over half a century 
old. Two theories have been put forward; the grov/th theory 
and the etch theory. All the earlier workers - distinguished 
scientists all - Miers (1902), Crookes (1905)1 Fetsmann and 
Goldschmidt (I9II), Van der Veen (1915), Mohr (1924), Sutton 
(1928), Williams (1952) and others seemed to base their 
theories on qualitative observation and intelligent speculation, 
Tolansky (1955, I960, 19&5) has made an intensive study 
of the trigons. The powerful and elegant- technique of 
multiple-beam interferometry which he developed and put to 
use for studying the surface features of crystals (Tolansky 
1946) was used with immediate success to the understanding 
of the surface features of diamond crystals. Tolansky and 
V/ilcock (1946) got a striking multiple-beam interference 
pattern which showed a fringe on the flat base of a trigon
67
to lie in line within 29 with another on a flat plane area
with an intervening plateau which clearly showed that the area 
at the base of the trigon and the plane area were parts of the 
same crystal plane. They pointed out how this result strongly 
indicated that the trigon was not produced by etching because 
to expect any etching mechanism to go down about 4^0 A° and 
then suddenly to stop at precisely the level of the outer 
region was far too improbable to be true.
Tolansky has further shown how artificial etching 
produces pits of orientation exactly opposite to that of the 
trigons and how if the etching is slow and at fairly low 
temperature, the pits can have strictly linear boundaries 
(Patel and Tolansky 1997). Tolansky (I969) has published 
results of the microscopic examination of a *Kerf*. VJhen 
a diamond is to be cleaved, the professional cleaver scratches 
a nick in the edge of the diamond to be cleaved with the 
hard cutting edge of another diamond. This scratch is 
loiovm as the 'kerf* and it is in this kerf that the cleaver 
inserts the cleaving blade. As the blade cleaves through, 
the cut is seldom microscopically sharp and clean and a 
curious thing is observed that where there is a trigon on 
the way, the cut skirts around it. This, Tolansky pointed 
out, illustrates how the trigon seems to act as a barrier 
to the spread of the cracking. He further explained how 
this observation could be interpreted as indirect evidence*
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in support of the growth theory of trigon. If trigons are 
a growth phenomena, then the very fact that the growth sheets 
have not been completed and so produce a trigon, means he 
pointed out, that the physical nature of the trigon boundary 
is different from that of the surrounding plane area. Thus 
the trigon boundary being physically different, could well 
hold up the splintering shock which is being propagated and 
might as well deflect it away. (In section 9*2 (g) are 
shown results of a similar kind where microcracks are seen to 
go around the trigon rather than cut across it. This is 
further evidence in support of Tolansky*s view).
Tolansky is of the opinion that trigon is essentially 
a growth process, a consequence of the building up of the 
octahedral diamond by a succession of plane growth sheets.
Thus he imagined that if growth sheets can propagate in three 
directions mutually inclined at 60^ (warranted by crystal 
symmetry), then any failure to complete such sheets will lead 
to the appearance of flat equilaterial triangular depressions. 
Tolansky visualised that as growth proceeds, the trigons may 
fill in or might as well become pyramidal hollows.
In spite of all the above evidence advocating a growth 
origin for the trigons, there is yet a strong school of 
opinion which conceives of an etching origin for the pyramidal
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trigons, (Frank, Puttick and Wilks 1998; Lang 1964. ) 
Perhaps it would not be very incorrect to say that etching 
experiments have made confusion worse confounded. Frank 
and Puttick. (1958) produced etch pits of trigon orientation 
by etching diamond in fused kimberlite. Evans and Sauter 
(1961) also produced pits of trigon orientation by gaseous 
etching with wet oxygen or wet oxygen and nitrogen at 
temperatures above 1000°G. Lang (1964) made X-ray topo­
graphic studies on a number of high quality diamonds and 
observed that all pyramidal trigons are associated with 
dislocations outcropping on the surface. On the other hand, 
Lang found that no dislocations outcrop at flat bottomed 
trigons. He also found that several pyramidal trigons 
showing a complex structure at their bottoms were found 
to correspond to close pairs or triplets of dislocations.
As it is only natural to suppose that etching would 
preferentially attack dislocation sites, Lang has come to 
the conclusion that his observations offered strong support 
for the Franlc, Puttick and Wilks etchpit hypothesis for the 
origin of pyramidal trigons.
Tolansky (I965) has cautioned against any hasty 
acceptance of trigon oriented pits seen on diamond surface 
after etching, as wholly formed by the etching process.
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Trigons are often shallow and can be missed. If the etching 
is rather fierce, then, often a preferential rapid attack sets 
in round the boundary outline of a trigon which thus develops
up. It is therefore supremely important to make an extremely
careful interferometric - contrast or phase - contrast survey 
of a surface prior to etching to make sure that we have not 
been 'tricked* by etch.
Even if the orientation of an etch pit is purely governed 
by the etchant and the temperature of etching, the fact remains 
that all 'natural* trigons have only one orientation. If then 
trigons are the result of etching we have to postulate that 
all diamond octahedra, wherever formed, have been subject and 
invariably subject to some mysterious etchant and at some
suitable temperature. The appearance of trigons on synthetic
diamonds (‘^olansky I962) suyely ffge "from -anyetehaBt-, is a 
fact which the advocates of the etch theory will find difficult 
to explain.
Above has been given a brief objep^ive survey of facts 
already known and published about the origin of trigons.
Detailed below are new results obtained and it is hoped that 




9.2. New absolute evidence against the etch origin of trigons
(a) 'Quality* of trigons.
Although trigons are perfect equiangular triangular 
pits characterised by strict rectilinearity of their boundaries, 
there is always an apparent difference in what the writer would i .
A: : -
like to call their 'quality*. Thus figures 9.1 to 9^11 show ^  -\
groups of trigons on the faces of eleven different diamond '
\ '■
crystals. The unmistakable difference in the 'quality* of 
these trigons is too evident to be missed. No two trigon 
families are alike. There is however a great family 
resemblance &mong trigons at different areas of the same face 
as well as among trigons on different faces of the same crystal.
Thus figures 9.2 and 9.12 are trigon families on tv/o different 
faces of the same crystal. They are so very much alike in 
quality. The apparent difference in the quality of trigons 
on different crystals seems to be mainly due to the difference 
in the prominence (or lack of it) of the growth features 
surrounding the trigons. The growth layers are seen to be
of varying thicknesses. They are sometimes very thick, of
the order of 1500 to 2000 but are sometimes very thin and 
are of the order of 20 to 90 A°. This seems to be a very 
important cause of the apparent difference in the general 
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Trigons themselves are of different kinds. Some 
are flat-bottomed (a® in figures 5*2, 5*9 and 5*12), some 
point-bottomed and descend to the bottom by discrete steps 
(as in figures 9*19, 9*14 and 9*19) without a smaller 
trigon anywhere inside and some are flat-bottomed and 
contain at the flat bottom innumerable tiny trigons with 
all of them maintaining an individuality, never merging 
into one another (as in figures 9#l6 and 9*17). Now and 
then we come across trigons which descend by steps a long 
way to a flat base containing trigons (as in figure 9*18). 
Sometimes the steps are so close in very deep trigons that 
the optical microscope fails to resolve them (as in figure 
9 .19). Yet in some even though the steps cannot be 
resolved, a small flat bottom can be clearly seen (as in 
figure 9 .20). In fi;/ure 9*21 we see an interesting case 
of a flat-bottomed and stepped point-bottomed trigon 
occurring side by side.
(b) Obvious differences between trigons and etch pits.
The difference between the 'trigons' and the 'etch 
pits' artificially produced are very striking indeed. 
Figures 9*22 to 9*29 show etch pits on four different 
crystals. They were etched together at a temperature of 























































nitrate. All the etched surfaces look very much alike and 
there is nothing of what we called 'quality* in the patterns 
as in natural trigons. Other differences are also apparent 
Whereas trigons on the same surface can be of widely varying 
sizes, the etch pits have a certain uniform size all
%
over the surface. With continued etching, the pits not only 
increase in size but lose the sharpness in their outline.
They round off at their corners. At a later stage the pits 
encroach into one another as shown in figure 9*26. On fairly 
flat surfaces, advanced etching produces the well-known block 
pattern. One such obtained is shown in figure 9*27• Two 
such surfaces showing block patterns were etched at 700^0 
for a further >2 hour. The results obtained are shown in 
figures 9*28 and 9*29* In figure 9*28 in the bottom right 
corner we still see the block pattern, the remainder giving 
the appearance of a thick forest of jungle foliage!
If trigons were the result of a solution process 
occurring in nature by some unknown etchant, and if the 
sharpness or otherwise of the pits ismerely governed by the 
temperature and time of etching, it is a great mystery how 
all octahedra everywhere ^;^attacked by the right etchant, 
at the right temperature and for the ri^ht time. The 



















seen that etching at low temperatures and comparatively short 
times which produces pits with rectilinear boundaries, when 
continued for a longer time will enlarge the pits and make 
them devour one another. The fact that natural trigons 
never lose their individuality or merge into one another is, 
in itself, a strong reason to rule out etching to be the 
source of their origin.
(c) Limits of growth layers bend round trigons
In figure 9*30 is seen the complete face of an 
octahedral crystal. We see how on the surface, layers pile 
up one over the other. The layers are very thick and are in 
fact about 2900 which is made out from the two beam 
interferogram over the layers on one side shown in figure 9*31* 
Also a light profile picture over the layers '(figure 9*32) 
makes it clear how the layers have been formed one over the 
other. A sketch of the layers on this face as on similar 
other faces is shown in figure 9*33* Let us suppose that 
such a surface is etched and that the etching produces a 
triangular pit and let us even suppose it to be in the trigon 
orientation. What we should then expect to see is shown in 
figure 9 .9 4 where the black shaded portion represents the 
pit formed. Etching may obliterate the markings (growth 

















or distribution. In figure 5*35 is shown a face of another 
crystal which is very similar in outline and general structure 
of face to the one shown in figure 5*30. At the top we find 
a trigon. It is seen that the growth layers go around the 
trigon and what has happened is not what is pictorially 
represented in figure 5*34. It is evident that this trigon 
is not the result of any etching process. Figures 3*36 and
5 .37 are two other similar cases which speak for themselves. 
The growth layers around the trigon on the right in figure
5 .37 is shown in higher magnification in 5 *38*
In figure 5*39, it is evident how the growth layer 
*b b* bends around the two trigons while the layers ’a a* and 
*c c* above and below the trigons respectively are undeviated. 
That the layer *b b* bends around the trigons is made clear 
by the interferograras 5*40, 5*41 and 5*42. The fringes 
cutting across the layers get displaced as they enter into 
succeeding layers but within each layer they are fairly 
straight. The slight wriggling of the fringes is because 
of very thin layers in between the thicker growth layers, 
which have not come out in the optical micrograph (figure 
5*39)* In figure 5*40, it is seen how the fringe continues 
straight right down to the side of the left trigon (in fact 
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fringe gets displaced as it enters the layer *b b*, but 
continues in its old direction in the small portion of 
the surface between the layer and the side of the trigon.
It is evident that the layer *b b* has bent around the 
trigonso In figure 5*42, the fringes are obtained fairly 
along the length of each layer to indicate how they main­
tain their straight character as is to be expected in each 
layer. Now etching may produce a pit but it cannot 
certainly make growth layers bend around the pit. The same 
fact is amply made clear in figure 5.45. All the growth 
layeis maintain a certain pattern. But the one in the middle 
bends around the intervening trigon. This is a phase 
contrast micrograph. The uniform shades of each of the 
layers all along its length suggests that each layer is in 
a distinct plane of its own.
VJhen a hole is formed on the surface by mechanical 
process or by etching it is only reasonable to expect that 
it would in no way affect the direction of the growth layers. 
That this is indeed so is made out in figure 5*44 where to 
the left of the trigon we see a portion chipped off.
V/hereas the portion chipped off does not affect the direction 










(d) The fallacy of the so-called salient in the
(112) direction.
Frank, Puttick and Wilks (1958) have emphasized 
the precise contact of the corner of one trigon and a 
side of another (a characteristic often observed) as a 
'very significant diagnostic feature* leading to an 
explanation of the origin of the trigons. They have 
explained how they consider two trigons seen in contact 
to have approached this contact either by enlargement 
from non-contact or by shrinking from overlapping. They 
also explain how when two trigons pass from contact to 
overlapping, two salient edges are brought into existence.
A salient or ridge is said to appear as a (112) line.
The conception of Frank, Puttick and Wilks ia pictorially 
represented in figure 5*45 (after the authors themselves).
In figure 5*46, we see these so-called salients 
appearing in the prescribed direction. This trigon is 
an isolated trigon and it is not touching any other. We 
see very clearly how growth layers above and below the 
trigon are fairly straight and how they bend around the 
trigon. When layers pile up and when we look at a corner, 
it would appear as a sharp edge. In figure 5*47 is seen 


















layers formed one over the other, each layer being a little 
smaller in area than the one preceding it will give the 
impression of a line or ridge at a corner. That this (112) 
line is not any characteristic of the trigon corner is seen 
in figure 5*^8 where we see the line in the right direction 
between the basal extensions of two trigons. The deviation 
frcan perfect rectilinearity is as should be expected and 
similar to that in figure 5.4?.
When layers are very close to one another and the 
growth very symmetrical this (112) line could be very sharp 
indeed and could give rise to a diffraction pattern if the 
edge is suitably set with respect to the incident light.
Such diffraction patterns are shown in figures 5*49 and 5*50* 
By tilting the crystal with respect to the incident light in 
either direction we will improve the visibility of the fringes 
on one side of the ridge darkening the area on the other side 
of the ridge. This is clearly seen in figures 9.91 and 9*52. 
When light is normally incident on^a crystal surface such a 
diffraction pattern is not seen. It requires a slight 
tilting of the crystal. This is evident in figure 9*53 where 
a sharp edge is seen in normal incidence without any trace 
of this diffraction pattern.
























Figure 5*33 ( % 250)
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is in itself a matter of considerable importance. Etching 
blunts, not sharpens a ridge on a surface. This was 
experimentally tried and the result is what we see in Figure 
5*54. The invariable sharpness of the (112) line is in 
itself a strong reason to seriously doubt the correctness 
of any theory which looks to dissolution as the cause of 
their origin.
(e) Topographical impossibility of a trigon to alter its 
dimensions in contrast to the ability of an etch pit
to do so.
It was referred to earlier how Franlc, Puttick and 
Wilks (1938) consider the precise contact of the corner of 
one trigon with the side of another as a very significant 
diagnostic feature leading to an explanation of the origin 
of the trigonso They have in the same paper explained how 
two pits not in contact would as dissolution proceeds, come 
into contact. In etching experiments carried out in the 
laboratory it is observed how a point sized pit actually 
gçows in size as etching proceeds.
»
In the case of a trigon however we will presently see | -
that it is not possible to alter its dimensions at all. In 
figure 5 .5 5 we see a trigon (pointed by arrows) with three 














theory may like to call them 'etch hillocks' but they are 
hillocks all the same. It is easy to see that the hill tops 
liave very definite co-ordinates , with respect to the trigon.
They are in fact at the intersection of the (112) lines.
This trigon in question is not touching any other trigon 
and there are trigons all around it. So according to the 
etch hypotesis, (Frank, Puttick and Wilks) with further 
etching, this trigon should grow till it would impinge on 
another. But as pointed out earlier, the hill tops have ^ |
very definite co-ordinates with respect to the trigon. This 
is invariably so and is again clearly seen in figure 5 *3 6. 
Therefore any alteration in the size of the trigon would 
involve a migration of the hill tops - a proposition v/hich 
would lead to insurmountable difficulties. Let us examine 
this question with respect to a diagram. In figure 5*37» 
let represent a trigon at Stage I of a dissolution
process. and are then two of the hill tops and line
1 at the top indicates the surface topography with the 
centre of the trigon at the lowest level. If a trigon 
would increase in dimensions to B^ C^i then the correspond­
ing hill tops will have to migrate to P^ and the topography 
would be as indicated by line 2. A comparison of surfaces 


















To get surface 2 from surface 1 we have to imagine a very
differential rate of etching from point to point. If now
we consider the trigon to develop to , then the
topography would change from 2 to 3« To get 3 from 2,
the etching rate from point to point of the crystal surface
has to be varied again. One could think of a general
dissolution of a surface with a preferential etching at
defect points but not a dissolution mechanism vdth a rate
which changes perpetually with position and time. It is
also important to see (figure 5 *56) that the (112) lines
have always definite positions with respect to the trigon;
they meet right at the corners of the trigons. If solution
is the cause of the trigon, then as a pit grows from a mere
point-pit to a large one, we have to conceive of a mechanism
of shifting the position of these (112) lines which it can
easily be seen is not topographically feasible.
(f) Evidence of growth on a plane already containing 
trigons, with the later growth layers partly 
covering up the trigons.
In figure 3*38, v/e see an overgrowth over a trigon 
covering up part of the area of the trigon. The overgrowth 
has the familiar appearance of a corner edge and is obviously 
made up of layers laid one over the other. Figure 5*39 is
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a multiple light-profile picture of the same surface.
The displacement of the shadows along the bottom base of 
the trigon and along the overgrowth in opposite directions 
speak for themselves. When looking at a corner, the two 
sides may have differential illumination depending upon 
the incidence of light and this is why one side of the 
overgrowth is bright and the other dark. By rotating the 
crystal through l80  ^we get figure 5*60 where the illuminations 
are interchanged. The position of the light source remained 
unaltered and it is interesting to see how in this picture 
the direction of displacement of the shadows is opposite 
to that in figure 5•59*
Figures 5.61 and 5.62 show another example of growth 
occuring across a part of a trigon. In figure 5*61, the 
microscope is focussed on to the lower plane containing 
trigons and in figure 5 *6 2, on to the growth layers that 
have subsequently grown.
This evidence of subsequent growth over a surface 
already containing trigons (though being observed and reported 
for the first time) does not however seem to be very 
uncommon. Thus in figure 5.65 we see part of the surface of 
of an octahedron crystal with trigons on either side of what 
















microscope dov/n to the bottom of the trench, we see a row 
of trigons partly covered by the growth layers on either 
side. It is evident that the trigons are all on a plane 
over which growth has occurred.
Yet another revealing example is seen in figures 5*65 
and 5 .660 In figure 5*65 the microscope is focussed on to 
the top of the crystal surface and in figure 5 .66 to the 
bottom of the multi-directional corridor. It is interesting 
to see how thebottom layer all along the corridor is 
simultaneously in focus indicating that it is in one plane 
(roughly speaking). It is also important to note the dark 
shade in the regions in the neighbourhood of the corridor 
all along its length. This is because light is falling 
normally on the surface illuminating the top only, the edges 
of the newly grown'* layers therefore appearing dark. This 
again conclusively indicates that the trigons at the bottom 
are not the result of any etching process that had prefer­
entially attacked the crystal surface along the directions 
of the corridor - a proposition which it is hoped no one 
would make seriously.
In figure 5 .67, we see the very interesting case of a 
large trigon being covered up partly by growth from three sides 
The top corner and the continuation of the sides at the bottom
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left and right corners are very revealing indeed.
(g) Micro-cracks avoid trigons.
Tolansky (1965) has published results of the micros­
copic examination of a 'kerf*. It was mentioned earlier 
in section 5.1 how he saw that a cut skirts around the trigon. 
In figures 5*68 and 5*69, we see cases of micro-cracks 
avoiding trigons. The micro-crack avoiding a trigon is 
furtheevidence of the correctness of Tolansky*s conclusion 
that the trigon boundary seems physically different from the 
rest of the surface.
5*5* Ring-cracks on octahedral faces.
Ring-cracks of an approximately hexagonal shape 
are very commonly seen on the octahedral faces of diamond.
A good example is shown in figure 5.70. They are probably 
formed due to impact during or after growth on the crystal 
surface by sharp bodies which may be other diamonds or other 
hard material. One striking characteristic often observed 
is a discontinuity at some point on its boundary. Three 
such cases are shown in figures 5.71 to 5-75• When a ring- 
crack occurs, perhaps the crack begins at some point and as 
it advances along its polygonal path, it is only natural W  
to expect the termination to be sometimes not absolutely in 
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have a spiral shape, as shown in figure 5*74.
5*4. Basal extension of Trigon.
The rnultiple-beam interferogram 5.75 shows that the 
basal extension of a trigon is not a step of uniform height 
all along its length. We see the step terminating at the 
ends and to be maximum (nearly I5OO A^) about the middle of 
the line. It is interesting to see that this characteristic 
of the basal extension line fits in exactly with the descrip­
tion given by Chen and Pond (1952) of slip lines they have 
watched through a microscope. They have taken moving pictures 
of growing slip lines. They describe how a typical slip 
line begins as a short fine line and then broadens in the 
centre up to several thousands of atomic spacings and how the 
line does not extend all the way along the surface, but fades 
out gradually at the ends. They thus conclude that slip is 
not uniform, but varies from none at the ends to many thousands 
of atomic spacings at the centre.
127






CLEAR. CONCLUSIVE EVIDENCE OF THE 
MECHANISM OF GROWTH ON THE OCTAHEDRAL 
FACS BY LAYER DEPOSITION
6.1 Introduction.
Little is yet definitely known as to how diamonds 
have grown in nature. Studies on synthetic diamonds 
(Tolansky I962) have sliown that the growth mechanism of 
synthetics may be different from that of natural diamonds. 
Growth mechanism of natural diamonds has remained a subject 
for pure conjecture. It is in fact not knov/n whether 
diamonds grew from solution or from the melt. Raman is 
reported to conjecture. (Harrison and Tolansky 1964) the 
possibility that diamonds might crystallize from the melt, 
indeed from a globule of molten carbon, giving such diamonds 
a markedly rounded outline. Even the surface features on 
diamond are interpreted differently. V/hereas some are 
inclined to look upon the features as a "frozen-in-picture" 
of the last stages of growth (Tolanhky 1955) there are 
others who seem happier to explain all the surface features 
on diamond as the result of dissolution (Frank, Puttick and 
Wilks 1958). Tolansky (1955) while etching a polished 
dodecahedron (110) face of diamond found an interesting
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oriented six-sided pattern. This he pointed out was strong 
evidence for the existence of a laminated fine-structure 
within the body of the crystal, the laminae being parallel 
to (111) faces. Harrison and Tolansky (1964) after 
sectioning and etching diamonds have demonstrated a 
stratigraphical etch pattern. This and the evidence 
obtained by an exhaustive study on the birefringence of 
diamond have led Tolansky (I966) to conjecture that 
octahedral diamond in fact grew in layers formed one over 
the other. Champion (1955, 1956a) studying the electrical 
conduction properties of diamonds considered the diamond 
crystal as composed of layers on the (111) face in octa­
hedral specimens.
6.2. New conclusive evidence of layer-grov/th.
The evidence given below is completely new and 
it is hoped, clear and conclusive.
In figure 5*50 (page 91 ) we liave already seen 
a very strilcing case of growth layers on a whole octahedral 
face. In figure 6.1 we have the face of a micro-diamond 
in which perfect triangular layers of the same orientation 
as the face are seen piled up one over the other. A face 
of another micro-diamond crystal with layer formation is 










of layers that have piled up. What we see are the edges 
of layers and not any straight striations. This is made 
clear in figure 6.3 where the crystal has been so mounted 
as to view a corner. The average thickness of the layers 
in this crystal was estimated to be of the order of 2300 
(by a focussing method).
A particularly interesting case is that of a fair­
sized crystal with a large octahedral face with trigons and 
whose edges show distinct evidence of growth by layer (figure 
6.4). A microphotograph of an edge (the bottom edge of the 
figure) with the facial edge set normal to the line of the 
microscope is seen in figure 6.3* What we see, are the 
edges of individual layers. The layers are so thin that 
they do not appear well-resolved. If the crystal is made 
up of planar sheets, all parallel to one another, then by 
making the top layer normal to the line of the microscope 
we are in fact putting each layer normal to the microscope.
As layers grow one over the other, each layer a little 
smaller but identical in pattern to the one immediately 
below it, by setting the top layer normal to the line of 
the microscope we can focus the microscope on to the boundary 
of each of these layers one after the other. This was done. 












raicrophotographs 6 .6 to 6 .I3 . We see trigons here 
and there on the projecting strips (extremities of the 
layers). They come into focus one after the other. 
Irrespective of the explanation of theorigin of the trigons - 
whether they are growth features or etch pits - (evidence 
to settle this controversy has been given in section 3*2), 
trigons are seen only on (111) planes. It is thus evident 
that the layers which have piled up to make the octahedral 















































STUDIES ON DIAMOND CRYSTALS OF THE 
DODECAHEDRAL H/lBIT AND PROPOSED 
MECHANISM OF THE TRANSFORMATION BY 
GROWTH OF THE SII^ IPLE OCTAHEDRAL FORM 
TO THE DODECAHEDRAL FORM
7 .1. Introduction. The features commonly observed on 
the dodecahedral faces are:-
(a) striations
(b) irregular net-works.
(c) crystallographically oriented networks.
(d) raised circular discs.
The 'striations'. The faces of the dodecahedron are lined 
with striations running 'roughly* parallel to the longer 
diagonal of the rhomb which is the dodecahedron face. These 
striations are sometimes very well marked and sometimes less 
marked. In the present investigation more than one hundred 
diamond crystals (including some microdiamonds) were examined 
and the striations were seen in all the faces of all the 
crystals without exception. VJhat these striations are, has 
intrigued several workers, and there has been much conjecture. 
The dodecahedron is usually very rounded and its face is 
normally not^a true (110) face; it very often consists of
141
two (h k o) faces.
Fersmann and Goldschmidt (I9II) believed dissolution 
to be the cause of the rounding of the dodecahedron crystal.
They also thought dissolution to be responsible for the 
formation of the striations. Williams (1932) suggested 
that an octahedron might change over to a rhombic dode­
cahedron by the building up of growth plates on the 
octahedral face. Smara (1955) studied the striations on a 
few faces and found that they are ruts varying from 270 
to about 2000 in depth.
7.2. Present investigation and the proposed mechanism of
the transformation by p;ro\fbh of the simple octahedral 
to the dodecahedral form.
The earlier workers have studied selected dodecahedral 
faces with the face normal to the line of the microscope.
In the present course of investigation, a different set up 
was used. The crystal was mounted in such a way that it 
could be possible to see simultaneously the three faces (110), 
(101) and (Oil) as shown in figure 7*1, such that an imaginary 
plane A B C  was normal to the line of the microscope. The 
result obtained is very significant. It is seen that the 
striations go around all the tliree faces and are in fact 
edges of growth layers. The edges will look as striations 






Figures 7-2 to 7.3 are typical examples. In figure 7.2 
we see two clear boat-shaped patterns which are produced 
when the dodecahedron surface is etched. The growth 
layers are of varying thickness. Sometimes they are very 
thin and of the order of only 30 to 40 Angstrom units.
They can also be very thick, of the order of 200Oto 3000 
Angstrom units. Figure 7.6 shows the layers on a face and 
figure 7*7 is a two-beam interferogram over the same region. 
It is evident that the average thickness of the layers is 
about 2300 Angstrom units.
In figure 3*30 (Chapter V, page 9I ) we have seen the 
growth layers on a (111) plane of an octahedral crystal.
The correspondence between the polygonal pattern of growth 
layers on the (111) plane and the polygonal layers seen in 
figures 7*2 to 7#3 is very striking. In the case of the 
layers on the octahedral face it has always been observed 
that the alternate angles are approximately equal and of 
magnitude varying between 90° to 93^ and l43 to 150° 
respectively. In figures 7.2 to 7.3 we find the alternate 
angles similarly equal and of the same magnitude as in the 
case of layers on the (111) face. It is therefore only 
reasonable to conclude that what we see in figures 7.2 to

























to a pyramidal point top.
It is therefore proposed that the dodecahedron 
could be a modified form of a simple octahedron, modified 
by growth occurring on the (ill) faces in the form of 
parallel layers rising as a pyramidal hill to a point top. 
Very rarely, the layers on the octahedral face are perfectly 
triangular as is seen in figure 6.1 (page 150). If 
triangular layers are piled up on all the eight faces of an 
ideal octahedron, we will get an ideal dodecahedron as shown 
in figure 7.8. But if (as is generally the case) the 
layers are polygonal and of the shape represented in figure 
5 .3 0 (page 91 )1 then the deposition of such layers on the 
faces of an ideal octahedron will result in a dodecahedron 
of the shape and surface structure as represented in figure 
7 .9 . That this is verily so is clearly seen in figure 7.10 
where we see the growth layers around two corners of a 
dodecahedron crystal. The formation of the rhombic 
dodecahedron face is very clearly seen. A comparison of 
figures 7.9 and 7.10 and the directions of the edges of 
layers on either side of the long diagonal speak for them­
selves. In figure 7.11, we see yet another case of how 
the rhombic dodecahedron face is formed with its curving 














In figure 7*12 is shown one corner of the dodecahedron 
of figure 7*10.
Figure 7*13 provides a piece of evidence which is 
incontrovertible and decisive and proves conclusively 
that the mechanism proposed is absolutely correct. A 
dodecahedron crystal was mounted such that the imagined 
(111) plane was normal to the line of the microscope. The 
highest possible magnification was used. In this 
picture we see rows of trigons in between different layers. 
The short diagonal of the dodecahedron face (which is often 
not straight,but, zig-zag) can also be seen running from 
bottom to top roughly in the middle of the picture. Now 
a trigon occurs only on the (111) plane and therefore this 
evidence provides absolute proof of the piling up of layers 
on the (111) plane. It is thus proved that the dodecahedron 
is grown from an octahedron by the piling up of layers on 
all the (111) faces.
The question naturally arises if all dodecahedra 
are transformed octahedra or whether the phenomenon proposed 
is only a frequent occurrence. In other words, could we 
exclude the possibility that a large dodecahedron crystal 
has grown from a tiny one of the same symmetry of faces?
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Numerous dodecahedra show a peculiar topographic 
feature namely the net-work pattern. Some times they 
are somewhat irrgular as in figures 7.14 and 7.13. But 
they can have strict crystallographic orientation as 
shown in figure 7 .16 where the linear crossed elements 
set themselves in the directions of the sides of the rhomb 
which is the dodecahedron face. Tolansky (1933, 19&2,
1963) has stated that in all probability these have been 
produced by etching in nature. In figure 7.2 and 7.3 
which are two portions of the surface of the same dode­
cahedron crystal, we find evidence of the surfaces being 
strongly etched and a network pattern can be seen through­
out the surface. Etching in the laboratory makes the 
network deeper and more pronounced. This is seen in 
figures 7.17 and 7 .I8 . When the surface is still further 
etched percussion marks present themselves as seen in 
figure 7 .19.
In figure 7.20, we see a dodecahedral face showing 
chains of etch pits. Tolansky (1963) has reported finding 
similar etch pit chains. The central area of figure 7.20 
when examined under larger magnification is seen in figure 
7.21. These pits must have been formed by etching in nature
154










































7.4. Raised Circular discs
A raised circular disc of a multiple character 
is seen in figure 7.22. These discs are usually a couple 
of thousand Angstroms in height. It is conjectured that 
diamond during growth might have been in contact \d.th some 
small liquid or gaseous bubbles. After formation, and 
during the cooling off, there might have been dissolution 
on the face. The bubbles might have had a protective 
function and thus prevented dissolution with the result 
that the crystal face is left with small discs standing 
proud. '^ he multiple character of the disc is ascribed 
as possibly due to slight micro-oscillations of the bubbles.
160
Cm^ iPTER VIII
STUDIES ON DI/UIOND CRYSTALS 
OF THE CUBIC HABIT
8.1. Introduction.
that
It was pointed out in section A.Vthe cube faces 
of natural diamons are invariably rough and pitted. These 
surfaces are not suited for precision interferometric work. 
The only features of interest studied in the past have been 
the quadrilateral pits called îquadrons* (Tolanslcy and 
Sunagawa I96OA) and the occasional 'hills* seen.
8.2. Study of corners of cubes.
A chance sighting of well-formed 'trigons* on the 
corner of a cubic crystal with the usual cube faces, prompted 
the writer to examine the corners of a large number of 
cubic crystals. A careful study has been made of the 
corners of one hundred and fifty natural diamond crystals 
of the cubic habit. The crystals belonged to two separate 
batches (one hundred of one batch kindly supplied by 
Industrial Diamond Company (Sales) Limited, London, and 
fifty of an earlier batch). Of the total of 1200 corners
examined, 23 out of 8OO of the first batch of 100 crystals
and 23 out of 400 of the second batch of 50 crystals, were
found broken or very badly damaged. All the remaining 
1152 corners were studied. It was found that the corners 
belonged to one or the other of two and only two categories. 
These two are:-
(a) a pyramid growing to an almost point apex as in 
figure 8.1. This corner examined at a higher magnification 
is shown in figure 8.2.
(b) a pyramid with a truncated top with the flat or rather 
extended portion invariably containing well developed 
trigons as in figure 8 .3 .
Where the area of the flat or extended portion is 
appreciable, it is easy to make out a piling up of plane 
layers as is usually seen on the (111) face of an octahedral 
crystal. This is made out in figures 8.4, 8 .3 and 8 .6 .
8 .3 . Summary of observations.
A summary of the observations is given in 
Table I. It will be seen from Table I that the majority 
of the cubic crystals have either, most of their corners 
fully grown to a point apex or in cases where this has not 
happened, the majority of the corners are truncated. But 
it is also noteworthy that cases of crystals with majority 
of corners pointed and a minority truncated and vice versa 
also do occur. And 10 out of I30 crystals have each,
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Data of observations on the corners of cubic crystals.
Batch I Batch :
1. Number of crystals studied. 100 50
2. Number of corners broken or 
very badly damaged.
23 25
3. Number of crystals to which 
the damaged corners belong.
9 11
4. Number of crystals whose all 8 
corners are grown to a 
pyramidal point top.
15 24
5. Number of crystals with 7
point corners and 1 incompleted 
(truncated) corner containing 
trigons (7 and 1 in short form)
16 3
6. 6 and 2 13 7
7. 5 and 3 5 nil
8. 4 and 4 8 2
9. 3 and 3 5 nil
10. 2 and 6 5 nil
11. 1 and 7 8 nil
12. Number of crystals whose all 




The following further peculiarities have been
observed.
(a) The surface containing trigons does not necessarily 
have any definite geometric boundary as is clear from figures
8 .3  and 8.6. Now and then however, they have an approxi­
mately triangular outline as is evident in figure 8.3*
(b) The trigons are seen to occur right up to the 
boundary of the plane surface as is evident in figures 8 .3  
to 8.6.
(c) Crystals whose corners are fully grown to a point
apex, are in general, the clearer transparent stones and 
those whose corners have trigons are generally coloured, 
mostly yellow, black or grey.
(d) The cube faces of these crystals which show trigons
at the corners have just the familiar features of cube faces 
as is evident in figure 8 .7 which is part of a (100) face of 
a cube whose all eight corners contained trigons.
8 .3 . Some obvious conclusions
(a) The occurrence of ’trigons* in all (wi^out a single
exception) of the ’truncated* corners is yet another evidence 
that the trigons are a growth feature and not the result of 
etching, for if the latter were the case, then one would have 










crystals. If for the sake of argument we suppose for 
a moment that etching v/as the cause of the truncation 
of the corner and the subsequent production of the pits, 
it would not explain why in a large number of cases, } ^
only some corners undergo etching while other corners 
of the same crystals do not.
(b) It is an accepted fact that v/hatever be the 
nature of the origin of trigons, they are seen only 
on the (111) face of diamond. The formation of the 
(111) plane at the corners of so large a percentage of 
the cubic crystals appears to the present writer to be 
more than an accident of nature but part of the very 
process of the growth of a cubic crystal. This 
conclusion is strengthened by the fact that where the 
corner grows to a point apex, the growth features are 
identical in their polygonal outline with those on the 
octahedral face, as well as those around the corner of 
the dodecahedron crystal. A comparison of figures 3*30 
(page 91 ), 7*4 (page 143) and 8.8 (page l67) which are 
respectively growth features on an octahedral face, 
around the corner of a dodecahedron and around the corner 
of a cube makes it clear that the conjecture is worthy of 




SOME OBSERVATIONS ON TVJINNING 
IN DIAMOND
Twinning is reported common in diamond (Calm 1954). 
The ’made * form seems fairly common in diamond where there 
is always seen an exceptionally smooth fit at the (111) 
interface. A few macles were studied and the observations 
are briefly mentioned below. One striking observation is 
the almost identical formation of growth features on either 
side of the twin boundary. This is well illustrated in 
figures »^'\ to 9*4. The usual explanation of contact- 
twinning as the result of the joining together of two 
separate individual crystals does not seem adequate. For, 
if this were so, a twin boundary should be expected always 
to be straight. That this is not the case is seen clearly 
in figure 9.4. It therefore seems more likely that a twin 
boundary is formed on a growing single crystal and not by 
the joining of two separate crystals in twin positions.
This however, is a subject which needs further study and 





















A STUDY OF THE MATCHED FACES OF AN 
OCTÀHSDRAL CRYST/iL TH.IT CLSAVEP BY 
ITSELF WHILE BEING HEATED IN  BOILING  
N ITR IC  A C ID .
An octahedral crystal which looked a hexagonal plate, 
had around it at least on two sides almost halfway through 
its thickness, what looked like a feeble crack. The crystal 
looked dirty and for cleaning, was put in boiling nitric 
acid for about five minutes. On taking it out of the nitric 
acid it was seen that the crystal had cleaved by itself into 
two. The cleavage obtained was deafer than what is ordinarily 
obtained by a mechanical process. Thus on either cleaved 
face we have fairly large areas free from ’river’ patterns 
and Wallner lines which are usual features in a cleaved 
surface. The two'cleaved portions matched well, as is 
evident from figures 10.1, 10.2 and 10.3, 10.4. Iii figure























GENERAL DISCUSSION OF RESULTS AND CONCLUSIONS.
The surface features of diamond crystals have for long 
remained a subject of considerable study, speculation and 
controversy. Whereas some are inclined to look upon the 
features as "a frozen-in picture of the last stages of 
growth" (Tolansky 1955), some others are happier to explain 
them as the result of dissolution (Fersmann and Goldschmidt 
1911 ; Frank, Puttick and Wilks 1958). The whole problem 
is closely interlinked with that of the growth mechanism of 
natural diamond of which little is known with certainty.
The present investigation has produced some results 
v/hich, it is hoped, provide positive information on several 
aspects of this vital problem. Discussed below are some 
of these results which we believe are very significant.
(a) Trigons are not etch-pits.
f
All investigatorsFhave always noticed the very 
clear distinction in appearance between trigons and etch- 
pits. It is significant that whereas natural trigons always 
have the ’negative* orientation, etch-pits can have both 
’positive’ as well as ’negative’ orientations, depending 





Evans and Sauter I96I). Etching at low temperatures 5
produces pits with sharp outline, but when continued for " 
long intervals, the pits enlarge, get rounded at the corners, 
lose their individuality and merge into one another. But 
natural trigons, big and small, whether inside or outside 
of other trigons, always show their separateness and are 
never seen merging into one another. All these distinctive 
characteristics have always been recognized, yet many have 
believed trigons to be etch-pits. The proposition that all 
diamond octahedra wherever formed had been subject to the 
right etchant, at the right temperature and for the right 
time was, far too improbable to be true. But, we are 
reasonably ’ignorant* about the exact conditions of temperature 
and pressure as well as the environment under which diamond 
crystals grow in nature. Any attempt therefore by anyone 
to attribute mysterious properties to some unknown mysterious 
etchant in nature had to be accepted with taciturnity.
The evidence now given is irrespective of any property 
of the etchant. It is shown that whereas it is possible to 
enlarge an etch pit in all its dimensions with further
■ Oetching, it is topographically impossible to conceive of an ,
I
alteration in the size of a trigon. Frank, Puttick and 
Wilks have emphasized the precise contact of the corner of one
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trigon v/ith a side of another (a characteristic often 
observed) as a very significant diagnostic feature leading 
to an explanation of the origin of the trigons. They 
have explained how they consider two trigons seen in contact 
to have approached this contact either by enlargement from 
non-contact or by shrinking from overlapping. These authors 
and also Frank and Lang (19&5), however, have no explanation 
to offer for the strict maintenance of contact except to say 
that "it implies that as soon as the point of contact is 
passed, a new process operates so as to restore the condition 
of contact". What this new process is, has perhaps not 
been physically conceived by the authors themselves! They 
have however, added that when two trigons pass from contact 
to overlapping, two salient edges are brought into existence. 
(Diagramatic representation after the authors themselves 
is reproduced in page 101). A salient or ridge is said to 
appear as a (112) line. This conception of the salient 
being produced as a result of two trigons passing from contact 
to overlapping is shown to be incorrect. iln isolated trigon 
with no other trigon anyv/here near it has these so-called 
’salients* in the prescribed direction (page 102 ). 'The 
salient has been shown to be nothing more than the sharp edge 
of a corner formed by the piling up of thin growth layers one
180
above the other.
Yet another independent strong evidence against the
y
etch hypotesis is the observation (being seen and reported
for the first time) of growth layers being formed on a
surface already containing trigons, with the later growth
layers, partly covering up the trigons of the lower layer.
(b) Evidence is clear and conclusive, of the mechanism
of growth on the octahedral face by layer deposition.
As mentioned earlier, we are yet reasonably 
'ignorant* about how diamonds have grown in nature. Studies 
on synthetic diamonds (Tolansky I962) have shown that the 
growth mechanism of synthetics may be different from that of 
natural diamonds. Raman is reported to conjecture the 
possibility that diamonds might crystallize from the melt, 
indeed from a globule of molten carbon, giving such diamonds 
a markedly rounded outline. Tolansky( 1955) while etching 
a polished dodecahedron (110) face of diamond found an 
interesting oriented six-sided pattern which he pointed out 
was strong evidence for the existence of a laminated fine- 
structure within the body of the crystal, the laminae being 
parallel to (111) faces. Harrison and Tolansky (1964) 
after sectioning and etching diamonds have demonstrated a 
stratigraphical etch pattern. This, and the evidence
n
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obtained by an exhaustive study on the birefringence of 
diamond have led Tolanksy (I966) to conjecture that 
octahedral diamond in fact grew in layers formed one over 
the other. Champion (1953, 1956a) studying the electrical 
conduction properties of diamonds, considered the crystal 
as composed of layers on the (111) face in octahedral 
specimens.
The evidence now obtained (detailed in Chapter VI) 
is in complete agreement with the above findings. Figures 
6.1 to 6 .3 of layer growth in micro-diamonds are typical.
The series of pictures 6.6 to 6.I3 with the microscope. |
t--
focussed on to the boundaries of suceeding layers with 
the layer strips showing sharp trigon features, we hope, 
form an important finding. Irrespective of the explanation 
about their origin, trigons occur only on the (111) faces.
The evidence is thus absolute and conclusive of the piling 
up of layers in the (111) plane.
(c). The 'striations* of the dodecahedral faces are edges 
of growth layers piled up one above the other and a 
simple octahedral crystal transforms into a dodecahedron 
by the piling up of layers on all its octahedral faces.
The striations on dodecahedral faces have intrigued 
several workers. The dodecahedral crystals are usually very 
rounded and Fersmann and Goldschmidt (I9II) believed solution
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to be the cause of this rounding as well as the formation 
of striations. Williams (1932) suggested that an 
octahedron might change over to a rhombic dodecahedron by 
the building up of growth plates on the octahedral face.
Emara (1953) studied these striations on a few faces and 
described them as 'ruts*.
The earlier workers had studied selected faces with 
the face normal to the line of the microscope. In the 
present investigation, the crystal was mounted so as to see 
simultaneously the features on three faces namely (110),
(101) and (Oil). The effort was rewarding. It has been 
discovered that the striations go around all the three 
faces and are in fact edges of growth layers. An inter- 
ferogram showed the thickness of layers in one case to be 
as high as 2500 /mgstrom units. These growth layers have 
been shown to be layers in the (111) plane deposited on the 
octahedral faces of an octahedral crystal. The complete 
mechanism proposed, is described with the diagrams (Figures 
7.8 and 7-9; page l48). The growth layers around two 
corners of a dodecahedral crystal have been obtained together 
in one picture (figure 7.10 page 149) in which we see also 
clearly the formation of the rhombic dodecahedral face.
That the mechanism proposed is correct has been verified by
183
the observation of trigons in between layers.
The question naturally arises if all dodecahedra 
are trnsformed octahedra or whether the phenomenon proposed 
is only a frequent occurrence. In other words, could we 
exclude the possibility that a large dodecahedral crystal 
has grown from a tiny one of the same symmetry of faces?
This is a matter which certainly deserves further consideration 
and examination. But if observation of a certain phenomenon 
in one and all of over one hundred crystals studied is any 
clue to a reasonable conclusion, the author is encouraged 
to believe that perhaps in the majority of cases a dode­
cahedron is formed by the transformation of a simple octahedron 
by the very mechanism, herein proposed.
(d) There is clear evidence of growth by plane sheet 
mechanism, around the corners of cubic crystals.
1132 Corners of diqmond crystals of the cubic habit 
have been studied. The discovery that the corners were 
either truncated containing trigons or grown to a point top 
with evidence of a piling up of plane layers as on an
t
octahedral face, is regarded significant. As it has been ® 
established (so, we claim) that trigons do not originate in 
dissolution but in growth inhibition (as Tolansky has pointed 
0?jit) and are a consequence of growth by plane sheet mechanism,
184
the very occurrence of trigons is proof of the piling up 
of layers in the (111) plane around the corners of cubes. 
Tolansky and Sunagawa (I96OA) while studying large square 
depressions on the cube faces of a natural diamond, observed 
clearly marked terraced sides in such depressions and this 
led them to propose the possibility that all cubes might 
have grown by a plane sheet mechanism. The results now 
obtained corroborate this view.
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